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STEEL CARO 


add up to 
® 


1. Greatly increased strength with flexibility 
—resistance to both breakage and wear 


2. Higher unit pressure 
Higher conformability 


Stability under heat 


You get all these qualities demanded by modern high- sion rings... pioneered and perfected by Perfect Circle. 
compression and heavy-duty engines when you specify Perfect Circle Corporation, Hagerstown, Indiana; The 
PERFECT CIRCLE chrome-plated STEEL compres- Perfect Circle Co., Ltd., Don Mills, Ontario. 


Perfect Circle 
Chrome-plated STEEL Compression Rings 
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NEW (DEPARTURE 
- (Hf BALL BEARINGS 


FOR AIRCRAFT TURBINES 


High speeds, high temperatures and heavy loads . . . both 
radial and thrust . . . characterize bearing applications for 
turbines used in present ultra-fast aircraft. 


New Departure’s Aircraft Bearing Research Program has 
produced ball bearings for highly satisfactory operation in 
small, medium and large turbines and their accessories. 


Under this program, ball bearings of different steels dimen- 
sionally stabilized for high-temperature operation have been 
developed and produced. Needs for bearings with high-thrust 
capacity and varied lubricating methods have been met. And, 
bearings with various geometrical specialities to satisfy diffi- 
cult mounting and operational requirements were designed. 


Beyond this, New Departure is working on bearing develop- 


ments for the more powerful, faster aircraft of tomorrow. 
Split Inner Ring 
Main Shaft Ball 
Bearing 


For further details, send for Folder TB, on turbine bearings. 


LEFT: Split Inner Ring Bearings 
on Turbine Main Shaft 


Accessory Ball 

Bearings 
RIGHT: Typical Installation 
of Ball Bearings in a 
Refrigeration Turbine 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONN. 
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for engineer’s wives only 


Here is a unique opportunity that appeals to both 
you and your husband. 


For you wives and families, the opportunity to live in a wholesome 
environment in the heart of the Colorado Rockies. For 

you engineers, the opportunity to participate in a challenging 
engineering project with an unlimited future 
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sion “O” Rings seal efficiently 
throughout extremes of/cold and heat 


ct Mit Mee dit ee OM Mh 


ee eo : | 5 é 
Precision ' = apa i Mee sat Mel geesh) 
“(> Rings LS de ‘ and automotive sealing problems. 


MGT RES SRE CL EMRE E EA NES 


The Hydrotor Hydraulic Cranking Motor, manufactured by 
Hydramotive, Inc., Cleveland, Ohio, provides high cranking torque 
and adjustable speeds over a temperature range of —65° to + 165° F. 

Hydramotive, Inc., standardized on Precision “O” Rings after 
exhaustive competitive tests. Precision “O” Rings guaranteed long 
life sealing and flexibility in arctic cold. 

Precision “O” Rings are compression molded from quality con- 
trolled compounds. They're the finest made! Rigid inspection and 
engineering skill assure long life, leak proof sealing. Precision can 
furnish the size and compound that fits your requirements and “O” 
rings that meet all military and commercial specifications. 


Precision ‘‘O"' Rings meet mili 


What is your sealing problem? There is an expert —the Precision R a 
ary specitications ang were 


engineer— ready to help you in product design. Rely on Precision, used in the North Ameri 
the world’s largest exclusive producer of “O” rings. can F-100C Super ‘Sabre 


Write for your free copies of Precision catalogs on “O' Rings and Dyna-seals 
ee 
“recision Rubber Products 
Corporation + “O” Ring and Dyna-seal Specialists 
Canadian Plant at: 


3110 Oakridge Drive, Dayton 7, Ohio Ste. Tharése de Blainville, Québec 


SAE JOURNAL, SEPTEMBER, 1956 





7 WAYS to SAVE MONEY with 


TO CCO* Induction Hardening 


Cost was reduced 94% when 
heat-treatment of this corn- 
harvester part was changed 
from carburizing to TOCCO- 
hardening, 9%c saved on 
every piece — $4750 on each 
50,000 piece batch, plus an 
hourly production increase 
from 120 to 300 pieces per 


Thompson Products Ltd. boosted production of these 
automotive wrist pins from 500 to 1200 per hour when 
they switched to TOCCO-hardening. Costs fell from 
$5.45 to $3.25 per hundred parts—a savings of 2c per 
pin, $26.40 per production hour. 


Mechanics Universal Joint Division of Borg-Warner re- 
ports a 69% savings in the hardening of stub ends for 
propeller shafts. TOCCO also upped production from 
Leading automotive companies need and use TOCCO tcc Palau ee eer eney ae 
hardened axle shafts to handle higher horsepower. Better, 
yet cheaper—savings of $375.00 per day. Less machining 
costs, lower priced material, increased production, and Lima-Hamilton Corporation 
a plus in quality—200% greater torsional life. adopted TOCCO for harden- 
ing this shifting lever. Results: 
a savings of 4c per piece— 
$25 per production hour. 
TOCCO costs only 17% of 
former heating method. This 
is only 1 of 139 parts TOCCO- 
hardened by Lima-Hamilton 
Corp. All show savings over 
| usual heating methods. 


Kearney & Trecker Corp. reduced the cost of hardening Number 7—the lucky number—is up to you. 

this milling machine part from $1.57 to 10c apiece. In Why notadd your name to the list of companies 

addition TOCCO made possible a switch from alloy to who use TOCCO Induction Heating to in- 

S.A.E. 1045 steel— saving another 11c per piece in mate- crease production, improve products and lower 

cial cost. Kearney & Trecker hardens 140 different parts costs. TOCCO engineers are ready to survey 

on one TOCCO unit. your plant for similar cost-saving results— 
without obligation, of course. 


THE OHIO CRANKSHAFT COMPANY = 7 ~7~>~~— Mail Coupon Today 
NEW FREE THE OHIO CRANKSHAFT CO. 
BULLETIN Dept. Q-9, Cleveland 1, Ohio 


Please send copy of “Typical Results 
of TOCCO Induction Hardening and 


Heat Treating.’ 
Name__ 
SN sittisiniiningninntnsqeeciniesinenicnnsiietiansistiea 
Company. 

Address 


Zone___ State 
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BETTER 
FARM STEERING 


> Farm vehicles travel the world’s roughest ‘“‘roads’’.. . 


That’s why Ross spares no effort to provide the right steer- 
ing gear for all farm equipment—tractors, combines and 
other agricultural machinery. 


Pictured above are seven Ross models, manual and power, 
that are currently in production for farm equipment use. 
Four of these are entirely new gears which Ross has recently 


developed. 


* What Ross has done for the farm industry 
it can do for yours. Ross invites discussion 
of any steering problem...manual or power. 


ROSS GEAR AND TOOL COMPANY, INC. + LAFAYETTE, INDIANA 


STEERING 


CAM & LEVER MANUAL... HYDRAPOWER INTEGRAL... HYDRAPOWER LINKAGE 
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In 1908—the CHICAGO FIRE DEPT. 
— then as now — was up-to-the- 
minute with Waukesha Engine 
powered equipment. 


... Waukesha Engines—/irst in fire fight- 
ing——the preferred power for the finest 
equipment, because specially built for 
faster fire fighting, they are reliable all 
the way. Waukesha Motor Company, 
Waukesha, Wisconsin, New York, Tulsa, 
Los Angeles. 


8, TL se pet “gy 
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WAUKESHA 
FIRE FIGHTER 
ENGINES 


Counterbalanced or 
Non-Counterbalanced 


Typical 145 Series 
779 or 817 cu. in., 
up to 275 hp. 


Typical 140 Series 
525 or 554 cu. in., 
up to 226 hp. 


Send for Bulletins 


Fer: 


> 


in 
FIRE 
FIGHTING 
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there’s an 
opening for you 
right here! 


Make in the U.K. and sell to new markets 


The E.N.V. organisation of London, England, invites the 
collaboration of an American manufacturer seeking new 
markets in Britain, Europe and the British Commonwealth. 

World famous for spiral bevel gears, hypoid drives and 
associated transmission components, E.N.V. has two modern 
plants, covering over 250,000 sq. ft. and employing more than 
1600 operators. 

If you have a suitable product and wish to avail yourself of 
manufacturing resources enabling you to expand in the vast 
Sterling area, E.N.V. will be glad to tell you more about this 
unusual opportunity. 


E.N.V. ENGINEERING COMPANY LIMITED 


HYTHE ROAD WILLESDEN LONDON N.W.10 ENGLAND 


AP 265/46 
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who who bothered | to keep. wf £ 
bulky ‘Seating down? — 


But what to do 
when high style gets 
lower and lower? 





AIRFOAM makes interiors Premolded AIRFOAM AIRFOAM Gives custon 
roomier, more luxurious es expensive handwork 20ks and custom ride 


GooD/s " 


THE W/ORLOE FINEST, MAOST MODERN CUSHIONING 
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s Cross Section Compares “Old” and “New” Seat Construction 
. Solid area indicates space saved by switch- 
ing to full-volume AIRFOAM seating 


Open area indicates lesser space needed 
for full-volume AIRFOAM seating 


this: 
(making more room for amp 
comfort—and sales!) 


TO KEEP UP WITH EXTERIOR DESIGN, interiors must really keep 
down to it. This presents king-size problems when designers are stuck 
with outdated upholstering methods and materials. 

AIRFOAM, a completely new and different cushioning medium, is 
not in lock-step with the past—and AIRFOAM Development Engineers, 
working with foremost automobile manufacturers, are pursuing this 
timely advantage. 

NEW AIRFOAM SEAT-UNITS are replacing old-time bulky assem- 
blies. New economies are becoming routine—and interiors are gaining 


style, glamour, comfort—AND priceless R-O-O-M! 
» FAR AND THAT’S ONLY THE BEGINNING! The most recent space engi- 
neering by AIRFOAM is creating quite a stir in forthcoming lines. 


May we show you some significant findings? Goodyear, Automotive 
Products Dept., Akron 16, Ohio. 


xciting new seating ideas AIRFOAM can be your 
ome practical with AIRFOAM greatest sales-aid in year 
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PowenrGrp ‘Timing’” Belt 


WE easialey: 


UE ROR ee 


alain 


“For invention of high order and for particularly meritorious improvement and 
developments in machines and mechanical processes. 

These are The Franklin Institute’s words in awarding its 1955 Longstreth Medal 
to the inventor of U.S. PowerGrip “Timing” Belts — the outstanding contribution 
to power transmission of the decade. 

It's easy to understand why PowerGrip received this great award. By providing 
near-100% efficiency in positive, non-slip, split-second timing, it has become standard : 
equipment on a wide variety of industrial drives. In the Automotive Industry, it oe 
has attracted widespread interest for applications requiring the unique features Phila. in 1824, is one 


ro Ys S6rpte » of the oldest and 
of the U. S. PowerGrip “Timing” Belt. most renowned sci- 
These ts — COT] ‘we liter a alee : = * cane, gees entific institutions. 
These belts -and descriptive literature -are obtainable from automotiv engi eS cunsie Ge Gale 
neering specialists at New Center Bldg., Detroit 2. Phone TRinity 4-3500. only after exhaustive 
studies of contribu- 
tions to science. 


Mechanical Goods Division 


United States Rubber 
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Let all these sealing engineers help 
you design-in oil seals 


Why “do it yourself?” Why chance the wrong 
seal? Why risk costly retooling or remanufacture 
because an unforeseen condition rendered an oil 


seal helpless? 


The finest oil seal counsel anywhere is yours 
for the asking. Just pick up the phone and call 
the nearest National Oil Seal Engineering office. 
You’ll get complete, current information on new- 
est seal developments, plus the help of the entire 


NATIONAL MOTOR BEARING CO., INC. 


Plants at Van Wert, Ohio, Redwood City, Downey, Long Beach, Calif. 
General Offices at Redwood City 


CHICAGO, ILL. Room 462, McCormick Building, HArrison 7-5163 
CLEVELAND, OHIO . 210 Heights Rockefeller Bldg., YEllowstone 2-2720 
DALLAS, TEXAS 2520 West Mockingbird Lane, DIxon 7541 
Detro!t, MICH. 13836 Puritan Avenue, VErmont 6-1909 
Downey (Los Angeles Co.), CALIF. . 11634 Patton Rd., TOpaz 2-8163 


National Oil Seal Engineering group. Field and 
factory, these men devote their entire lives to 
seals. They have seen literally thousands of seal- 
ing problems through to a successful solution. 


Let National’s three decades of sealing expe- 
rience help you. Call now. 


Specify seals at the drawing-board stage—always! 


2802 North Delaware St., WAlnut 3-1535 
4445 Terrace, LOgan 6622 

647 West Virginia Street, BRoadway 1-3234 
NEWARK, N. J. J 1180 Raymond Blivd., MI tchell 2-7586 
REDWOOD Ciry, CALIF. . Broadway and National, EMerson 6-3861 


INDIANAPOLIS, INDIANA 
KANSAS CITY, MISSOURI 
MILWAUKEE, WIs. 


WICHITA, KANSAS 519 South Broadway, AMherst 2-6971 3879 
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CIRCUIT BREAKERS 
used in each “Gelenkautobus”’ 
as standard equipment 


In Europe, as in the United States, mobile equip- 
ment manufacturers and users alike have learned 
the value of Klixon Circuit Breakers. 

For example, here’s what Chief Design Engineer 
Giovannini, in charge of Electrical Circuits and Maintenance 
for the Zurich Bus Authority, has to say about Klixon Circuit 
Breakers: 

. . ‘‘When we changed over from 6 to 12 volt systems to 
24 volts in our motor vehicles, we noticed an increasing num- 
ber of burned out fuses. These burnouts occurred in such 
circuits as lamps, signals, windshield wipers, heaters, electro- 
pneumatic door openers, etc. — with the result that electrical 
circuit maintenance costs also increased. 

‘Since we installed Klixon Circuit Breakers, whose design 
and construction are simple, strong and reliable, all disturbances 
and trouble on the electrical circuits have been eliminated. 

“The Klixon Circuit Breaker is as of today the most prac- 
tical circuit breaker for big motor vehicles, especially for 
public transportation buses. This is particularly so when traffic 
demands uninterrupted performance on the part of the bus 
and the driver. 

“Klixon Circuit Breakers have done particularly well in our 
organization and we can recommend them as standard equip- 
ment for new buses.’’ 


+8 C9121 
+16 C9121 


16 C6363 METALS & CONTROLS CORPORATION 


f . re “De > - Baus mg SPENCER THERMOSTAT DIVISION 
Taman, con get Copendable PeRaEENe one electrical 2209 Forest Street, Attleboro, Mass. 


circuits in your motor vehicles by specifying and 

using Klixon Circuit Breakers. For complete details 

on design, construction and application of Klixon LIxO 
Circuit Breakers, write today for Bulletin. ®) 
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For the Sake of Argument 


On Taking a Full Swing. . . 


By Norman G. Shidle 


Joy has a way of eluding us whenever we do less than 
the best we know how. The comfort gained by easing up 
rarely equals the satisfaction of having taken a full swing. 
A bed of nails seems always jagging up through the mat- 
tress of inertia. 


When we run out of problems, we run out of lasting joy. 
Only the very young and inexperienced seriously hope for 
satisfactions without serving. Like the young man SAE 
Past-President A. T. Colwell told about the other day: 
Asked what he meant by “opportunity,” a young applicant 
said: “A large office, my name on the door, a pretty blonde 
secretary, and a set of golf clubs for frequent use.”’ Colwell 
suggests that he might better have said: “I know your com- 
pany has many unsolved problems. I would like the oppor- 
tunity to take one and solve it... and then others, if I am 
successful.” 


Summarizing for men of all ages, Colwell concludes: 
“He must make his opportunity by seeking a problem and 
solving it, finding a need and supplying it.” 


. . . . Which seems another way of saying that the road 
to success and to inner harmony may be pretty much the 
same. Both are paved with brick-after-brick of problem- 
solving and need-supplying. 


The common tendency to equate tranquility with drowsi- 
ness has little validity. To remain inwardly tranquil, 
we’ve probably got to look forward to being bricklayers of 
some kind all our lives—or find ourselves in a sort of in- 
harmonious comfort ... where we’re not satisfied with 
what we are doing, but not uncomfortable enough to do 
differently. 
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EATON 


VALVE LIFTERS 


What they do: 


Eliminate lash maintenance for the 
life of the engine 


Eliminate valve breakage and valve 
burning 


Provide quiet valve train operation 


x 
How they do it: 


Control valve seating; prevent valve 
pounding 


Maintain zero valve clearance under 
all operating conditions 


Provide accurate valve timing 


Eaton Hydraulic Valve Lifters are custom- 
engineered in a wide range of materials 
which provide maximum durability. Our 
engineers will be glad to discuss the 
application of Eaton Hydraulic Valve Lifters 


with original equipment manufacturers. 


———SAGINAW DIVISiION————_ 
MANUFACTURING COMPANY 
9771 FRENCH ROAD + DETROIT 13, MICHIGAN 


B PRODUCTS: Sodium Cooled, Poppet, and Free Valves® Tappets® Hydraulic Valve Lifters® Valve Seat Inserts® Jet 
Engine Parts ® Rotor Pumps ® Motor Truck Axles ® Permanent Mold Gray Iron Castings® Heater-Defroster Units™ Snap Rings 
Springtites® Spring Washers® Cold Drawn Steel® Stampings® Leaf and Coil Springs* Dynamatic Drives, Brakes, Dynamometers 
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SURE, POWER STEERING 


OUR POWER-STEERED 
RIGS STAY ON SCHEDULE 


MAKES THE JOB EAS/ER. 


BUT IT’S 


THE ADDED SAFETY 


THAT COUNTS MOST. 


The trend to power steering on trucks 
based on one very practical reason 
operators Of trucks equipped with 

power steering have invariably found 

that the added safety and greater 
operating efiiciency of their vehicles 
have d istrated that power steer 
ng is indeed a sound inves 

Truck driver 

re port le » ver E In 

normal driving and appreciate the 

yositive control that blocks road shock 
from chuck holes 

control if the truck is forced out on a 

soft shoulder. 


and prevents loss of 


intained sched 

quite aware that with 

drivers are more 

and are better drivers than 

tired drivers. Thus, power steering 

not only reduces the hazard of road 

accidents, but helps the driver to 

maintain established schedules through 
better vehicle control. 

In short, power steering, by saving 
time and money, contributes materi 
ally to a more profitable operation. 

Truck manufacturers are always 
eager to offer their customers features 


Bendix "2°83 South Bend wo. 


BETTER, TOO. 


EITHER WAY, 
tm POWER STEERING MAKES 
m GOOD BUSINESS SENSE. 


that will make truck operation safer 
and more profitable and, at the same 
time, give their dealers every selling 
advantage. 

That’s why more and more truck 
manufacturers are offering perform- 
ance-proven Bendix Power Steering 
as original factory equipment. 

If you would like to know why 
power steering for trucks is perhaps 
even more logical than power steering 
for passenger cars, we have prepared 
an interesting folder on the subject. 

Write for your copy today. We think 
you'll be convinced. 





NOMINEES FOR 1957 SAE NATIONAL OFFICERS 


President _. W. Paul Eddy 


Treasurer pnt is B. B. Bachman 


Councilors—Term of 1957-58 
O. A. Brouer William K. Creson A. W. Denny 


Vice-Presidents Representing Professional Activities: 


Air Transport W.C. Lawrence Fuels and Lubricants C. J. Livingstone 


Passenger Car . L. H. Nagler 
Aircraft ... J], H. Famme Adminictrat ve 


Production ; D. S. Kimball, Jr. 
Aircraft Powerplant R. E. Johnson | 


Tractor and Farm Machinery W. W. Henning 
Body H. C. Grebe os . . 


Diesel Engine M. R. Bennett Transportation and Maintenance Henry Jennings 


Engineering Materials + M.L. Frey Truck and Bus S. ]. Tompkins 


If elected, the above members will serve on the 1957 SAE Council 


Also serving on the 1957 Council will be: 


Councilors—Term of 1956-57 
A. W. Pope, Jr. T. L. Preble F. P. Zimmerli 


Past-Presidents: C. G. A. Rosen G. A. Delaney 


EEE —————————— 


SEPTEMBER, 1956 








The American airspace is a vanishing natural resource. To conserve 


it, we must have a comprehensive national 


E are fast coming to a stage where there isn’t 
Wenougn airspace to go around among all the users. 
The only solution is a national aviation facilities 
system planned from an over-all consideration of 
aircraft, airways, airports, navigation and commu- 
nication equipment. 

Of the 15,000,000 cu miles of airspace over this 
country between sea level and 25,000 ft, some 3,000,- 
000-4,000,000 cu miles are occupied by mountains, 
tall buildings, television towers, and other obstacles 
—or else constitute airspace over remote areas sel- 
dom traversed by aircraft. About 1,600,000 cu miles 
are reserved by the government for weapons-testing 
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aviation facilities system. 


grounds and other purposes. As much as 1,000,000 
cu miles may be subject—due to bad weather—to in- 
strument flight rules, which reduce utilization of 
airspace 50-70%. 

Currently that still leaves 60 cu miles of airspace 
per airplane, on the average. But there’s nowhere 
near that much in busy areas like the northeast 
coastal region, even now. Nothing but an up-to- 
date integrated aviation facilities system can take 
care of the more critical situation we know will 
occur in the jet-propelled future. 

What can we do about it now? 

1. We can think about this problem in terms of a 


F-89 APPROXI- 
MATELY 1 MILE 
AWAY 


SAE JOURNAL 








national system. Much progress has already been 
made in recent months due to the initiative of the 
Executive Office of the President, the cognizant 
Congressional committees, and the enlightened na- 
tional associations. 

2. At the same time, we must continue and ex- 
pedite work on pressing current engineering prob- 
lems. For example: research and development on 
proximity indication; on vertical take-off and land- 
ing aircraft; high intensity runway and airport ap- 
proach lighting; making airplanes more conspicuous 
during daylight; improving cockpit windshield and 
wiper arrangements; more reliable weather report- 


4 SECONDS LATER 
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N. E. Halaby, ..... 


ing and forecasting; cheap and reliable alternate 
power sources. 

3. We can urge the White House to set up a top 
priority project to develop a national aviation facil- 
ities system in the shortest possible time. This 
would require mobilizing the best talents and facil- 
ities in the United States into a comprehensive, top 
priority scientific approach to this problem. 

To see why our present system is inadequate, take 
a look at the New York-Philadelphia airspace chart. 

Each shaded area represents the protective air- 
space around the air traffic control holding patterns, 
indicated by the small black lines inside. These 
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MILITARY JETS SPIRAL DOWN BETWEEN AIRWAYS 


safety zones are each 19 miles long and 8 miles wide 
For jet aircraft, operational practice may require 
the size to be doubled or tripled—as much as 57 
miles for one aircraft at certain altitudes. 

The complexities are obvious. Major military 
bases like Fort Dix and McGuire Air Force Base dot 
the area, and considerable express traffic traverses 
the area. 

Jet fighters returning to base come in at altitudes 
above 19,000 ft, then make their let-down between 
the airways. Departing jets are provided a “tunnel” 
4000 ft high and many miles in length giving them 
free access to the off-shore areas. Other traffic 
enroute along these airways cannot use the areas 
set aside for this jet traffic. This is an extravagant 
use of airspace but essential for the safety of 
flight under the present obsolete arrangement. 

The pilot holds a rats maze map in his lap as he 
threads his way into LaGuardia, operating the en- 
gines, gear, and flaps; talking to the control tower; 
peering out of his cramped cockpit to avoid other 
aircraft; and—incidentally—flying the airplane. 
While the pilots are thus engaged, there are on the 
ground a group of long suffering, overworked, under- 
paid CAA Air Traffic Controllers who use a system 
designed 20 years ago for a few DC-3s to Keep track 
of present-day airplanes. And, to the amazement 
of those who understand the state of present tech- 
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y, this is still being done in accordance with 
positions reports estimated roughly by the plane’s 
busy crews, voice-radioed to the controllers, written 
on slips of paper, and passed from hand-to-hand by 
these able but harassed gentlemen. 

On a typical day, there are over 100 aircraft con- 
centrated within a 50-mile radius of the New York 
terminal area. The mixture of speeds, loads, and 
missions includes military jets, DC-7s, DC-3s, private 
planes, and helicopters. They weave among 1250 
miles of overlapping airways through 83 intersec- 
tions and convergences. The pilots will be using 
about 70 radio frequencies. On the ground, almost 
100 controllers depending on party lines and mouth 
and ear communications will be trying to coordinate 
the confusion. 

It is no surprise that in poor weather under in- 
strument flight rules (IFR) and limited by the ca- 
pacity of our present air traffic control system, the 
number of aircraft would be cut in half, and all 
take-offs and landings from all civil and military 
airports in this area would be rigorously rationed. 
One major airline would normally be forced to can- 
cel one third of its scheduled flights! 

The reason for this is simple. Handicapped by the 
present archaic air traffic arrangement, the Civil 
Aeronautics Administration to be on the safe side 
in bad weather surrounds each airplane with a co- 
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coon of airspace 10 min long, 10 miles wide, and 1000 
ft to 4% mile thick. You realize how extravagantly 
the airspace is being used when you see that a small 
private plane on instruments would get over 60 cu 
miles; an executive DC-3 about 150; and a DC-7 
roughly 275 cu miles. Under this operational prac- 
tice, each Boeing jet transport will move in reserved 
airspace of 500 cu miles. Only two could fly between 
New York and Washington at optimum altitude! 

That it may still be safer to fly into New York 
than to drive in—or to take a bath after you get 
there—is a tribute to the pilots, the controllers, 
those few engineers who have devoted real thought 
to the problem, and to the hard-headedness of the 
CAA that IFR flights be limited to the capacity of 
the obsolete airways system. 

In the future, I believe you will find that the mili- 
tary will increase rather than decrease the number 
of areas of the continental airspace which they be- 
lieve they will require to prove their weapons Ssys- 
tems for the air-atomic age. As our vulnerability 
to attack increases, the demand for these huge 
spaces grows. A glimpse at a map would indicate 
that the whole Gulf of Mexico and the long reaches 
of the Central Plateau Basin may be the only places 
left for essential missile proving grounds within 
United States control. Therefore we can expect 
further needs for critical airspace in the name of 
our national security. 

Besides, the communications industry is planning 
and will install a larger number of television towers, 
relay stations, and such space-consuming equip- 
ment. Tall structures will continue to rise on the 
approaches to airports. A huge expansion of heavy 
industry is underway with increasing likelihood of 
thicker and wider smog areas. And aeronautical 
engineers are lying awake nights devising new oc- 
cupants of the airspace! 

If we look at the numbers of manned conventional 
aircraft, an increase of only about 30% should be 
expected in the next 15 or 20 years. But there will 
be a very great increase in the number of airplane 
movements because the fleet will be composed of 
much faster types. Assuming the same daily utili- 
zation rates, the DC-8 can make almost twice as 
many trips as the DC-7. Likewise the Electra’s 
productivity may be as much as twice that of present 
Convairs. 

Here, we must guard against a tendency to over- 
estimate the importance of the scheduled airlines in 
thinking about this problem. Although they get the 
highest daily utilization in movements per plane, 
they comprise by far the smallest number of users 
of the airspace. At present there are about 1200 or 
1300 scheduled airliners, and there will probably be 
only 300 to 500 more by 1970. Currently the military 
fleet and the general aviation fleet are respectively 
about 25 and 45 times the size of the airlines. Of 
the 61,000 airplanes in general aviation, about 20,000 
are now called business aircraft or the executive 
fleet. Growth in numbers (15% more in 1955 than 
in 1954) and in flying hours (about 30% for the 
same period) has been phenomenal. With the 
greater performance, reliability, and comfort com- 
ing off the drawing boards, the trend is ever upward. 

A less predictable growth factor occurs in the field 
of the quick-risers. If the steep landing and take- 
off machine or even a variation of the helicopter 
should achieve mass production and an economy 
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comparable to bus or train, this projection would of 
course prove to be pitifully pessimistic. And does 
anyone doubt that out of the present menagerie of 
all types and shapes of vertical risers some cheap 
air bus will eventually arise? 

Forecasts of air freighter traffic are also highly 
uncertain due largely to developments in military 
logistics, but should costs per revenue ton-mile be 
reduced more rapidly than is now anticipated, here 
would be another prolific source of traffic headaches. 

Speed and general performance will certainly 
increase remarkably over the next 20 years, with 
transcontinental and intercontinental supersonic 
transports arriving toward the end of the period. 

All the trends are in the wrong direction. More 
planes at higher speeds mean greater danger of 
collisions. Soviet aviation progress means greater 
menace from abroad, therefore more military flights 
and airspace reservations at home and more ineffi- 
ciency and waste due to congestion of airways, air- 
ports, and communications. 

On the civil side, it would seem to me that the 
present air fleet is more likely to prove inadequate 
both in quantity and quality than to be excessive 
and even the huge capital outlay projected for jet 
and turboprops would not be sufficient to Keep pace 
with our projected traffic volume. 

On the military side, insofar as congestion is con- 
cerned, the greatest hope would be that push-button 
missiles would promptly replace manned aircraft. 
This would conveniently relieve us of the fighter and 
bomber traffic. We are assured on all sides, how- 
ever, that this will not be the case. I suspect that 
for some time at least missiles will be superimposed 
on the aircraft inventory. My guess is that between 
1965-75 the number of active interceptors, long 
range fighters, and certain types of bombers will 


Sass | | 


PHOTOGRAPH OF CAA RADAR SCOPE AT 


MITCHELL 
FIELD, Long Islar \ ea 


Ip 


+ r + + ’ f 





tend to diminish as reliable missiles are perfected to 
do their job. But there is certainly no early likeli- 
hood of any fewer administrative aircraft or logis- 
tics aircraft or a major reduction in the number of 
strategic bombers in the military air fleet. 

So far as communications facilities are concerned, 
it is perfectly clear that the large numbers of air- 
craft annually multiplying the number of air move- 
ments can no longer efficiently use a voice communi- 
cations system which has had no substantial modifi- 
cation in many years. Numerous frequency bands 
on VHF and UHF, as well as low frequency bands, 
are being used for everything from IFR position re- 
ports to personal messages regarding crew and pas- 
sengers. In the day of digital data links and storage 
devices and voice-code transducers we can no longer 
be satisfied with a system limited to broadcast voice 
communications over air-to-ground party line and 
the regular telephone circuits for coordination be- 
tween centers on the ground. 

As to aerial navigation, it is important to recog- 
nize navigation as merely one of the functions and 
components of a total system designed for use of all. 
The impassioned controversy over VOR/DME versus 
TACAN is no tribute to our maturity and ability for 
planning in terms of the public welfare rather than 
departmental or company interests. When we for- 
get that the American airspace is a national asset to 
be conserved and used for the benefit of all, when 


we ignore the collective for the individual interest, 
we get into both political and technical trouble. 
And so it will continue to be until we conceive a 
national system and develop it as such. 

What we must have is a national aviation facilities 
system of airplanes, airways, airports, navigation, 
and communications that will meet the foreseeable 
civil and military needs for the most efficient utili- 
zation of our continental airspace. 

“National” is perhaps the key word here because 
national leadership can submerge departmental in- 
terests, can compose or choose between civil versus 
military conflicts, can counter state or local pres- 
sures, and can mobilize the immense resources of 
the federal government on this top priority national 
problem. 

Here are the steps to be taken to achieve such a 
national system: 


1. Establish a set of long-term national require- 
ments. We should bring users, operators, and con- 
trollers together with economists and engineers in 
a systematic effort to define facilities requirements 
for two periods: 1960-1965 and 1965-1970. Currently 
neither the CAA nor the military services have de- 
pendable estimates on long range needs. A great 
many factors need to be considered—factors like 
population, gross national product, disposable in- 
come, traffic to and from pairs of cities, correlation 


We Can't Afford NOT to Have 


Stuart G. Tipton 


O system yet exists which will adequately 
N control tomorrow’s planes in tomorrow’s 
numbers at tomorrow’s speeds. To put it 
bluntly, our country’s air power, military 
and civil, will be handcuffed unless cor- 
rective action is taken—promptly. 

Actually, the present system of air navi- 
gation, landing, and traffic control is a col- 
lection of devices improvised as operational 
demands dictated. And what is more, the 
individual devices in use are still being used 
despite the fact that modern, more efficient 
developments and techniques are available 
today. An outstanding example is that 
voice communication is still the founda- 
tion of all air-traffic control today, just as 
it was in the first controlled flight, even 
though more efficient methods are avail- 
able and in common use in other activities. 

The lack of modern efficiency and flexi- 
bility in the current air-traffic control sys- 
tem results in extravagant use of airspace 
to maintain the required level of safety. 


For example, when an airspace reservation 
is established—a reservation in which nor- 
mal aviation activities cannot be conducted 
—buffer areas to add an extra margin of 
safety are included. As another example, 
separation of aircraft travelling in the 
same direction at an identical altitude on 
the airways is a minimum of 10 min. This 
means that the mileage separation depends 
upon the speed of given types of aircraft. 
It would be 50 miles with airplanes travel- 
ling at 300 mph. With jets, the required 
mileage separation would be considerably 
greater. 

The CAA points out that “using the 
present methods of separation, we could 
allow only two jet transports to be travel- 
ling from Washington to New York at the 
same altitude at the same time.” 

The solution to this problem is difficult. 
But we had better find it. 

And let me add that we do have the 
knowledge and the ingenuity in this coun- 
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with international traffic, airplane performance and 
productivity, military inventory and operations, air 
cargo economy, air bus estimates, and documented 
estimates of airplanes per hour per cubic mile or per 
airway or airport. 

2. Design a national aviation facilities system. 
Good ideas can be borrowed from the Air Defense 
System, the Atomic Energy Program, and the Bell 
Telephone System. 

The project must be comparable in scope if not 
in size to Project Lincoln if it is to do the systems 
planning and engineering on airspace utilization, 
traffic control, communications, navigation, and air- 
ports needed to weld together a truly adequate na- 
tional system. The project will need a facility for 
system stimulation and development testing—plus 
the priority, manpower, and money to do the job in 
the best interests of all the airspace users. 

3. Finance the system. It will be costly, but much 
less costly than going without the system. 

4. Finally, solve the problem of organizing and 
managing the system. This won’t be easy with 
all the civil-versus-military, user-versus-Treasury, 
federal-versus-local, and big-versus-little user im- 
plications. 

What might such a national system look like in 
1975? 

Since we will soon 
national air defense 


have invested $3 billion in a 
radar system for detecting, 


identifying, tracking, and intercepting aircraft fly- 
ing through our airspace, we must start with the 
premise that whatever is useful in this system for 
common civil-military airspace utilization will be 
available and fully exploited. This does not mean 
complete dependence on SAGE (Semi-Automatic 
Ground Environment) but does mean getting as 
much double duty out of these dollars as possible. 

A second premise seems inescapable. The air- 
space will need to be classified in some sensible and 
equitable way to provide for its optimum use. 
Sportsmen, farmers, photographers, instructors, and 
business executives (even engineers!), as well as 
the airlines and the military, must get their share 
of the air. Perhaps these studies will conclude that 
there should be three classifications of the airspace 
—Free, Monitored, and Controlled. Obviously, only 
a small amount of the total airspace need be in the 
third category, perhaps that over 20,000 ft and 
around certain designated zones and air paths. In 
the Monitored Airspace, positive separation service 
would be provided at all times to all pilots. In the 
wide open and low altitude spaces, “the winds of 
freedom” would continue to blow! 

If the cost of building, manning, and maintaining 
a system that would accommodate all in the most 
critical areas should prove to be unbearable, then 
some equitable classification of pilots and aircraft 
by skill and equipment might be necessary during 


Efficient Air Traffic Control 


try to invent a bold, new, revolutionary 
system of air traffic control which will be 
able to accommodate the volume and com- 
plexity of tomorrow’s air traffic. 

Experts on the subject say that steps 
should be taken immediately to install ata 
greatly accelerated pace the air-traffic con- 
trol devices presently available. There is 
much that can be done right now to bring 
greater safety, capacity, and flexibility to 
the present interim system by making 
maximum use of available tools. Radar is 
one such tool and its use must be expanded 
greatly. 

Simultaneously, steps should be taken to 
develop the bold, new, revolutionary, fu- 
ture system able to provide affirmative 
control of an aircraft from the moment it 
leaves the ground until it touches down 
again at the airport of destination. Need- 
less to say, such a system must accommo- 
date military as well as civil movements. 
And it cannot be emphasized enough that 
such a system is of the utmost importance 
to the nation’s continued ability to defend 
itself. 

Most of the devices for the needed new 
system are already in existence. Research 
is needed to determine exactly what the 
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character of the new system should be and 
how the separate elements can be properly 
integrated to constitute the new system. 
That research will require much time, much 
effort, and our best brains. 

The imperative thing is that we begin 
the development of the new system at once. 

And there is heartening evidence that 
such development may soon be initiated. 

As the newspapers have announced, an 
aviation subcommittee of the Senate Com- 
mittee on Foreign and Interstate Com- 
merce, Known as the Monroney Committee, 
has undertaken a study which includes an 
examination of the nation’s current air 
traffic status and future requirements. 

Also, the Bureau of the Budget has com- 
pleted a report on the subject under the 
guidance of William Barclay Harding. 

And more recently, President Eisenhower 
appointed Edward Peck Curtis as a Special 
Assistant for Aviation Facilities Planning. 
His job is to head up an attack on the prob- 
lem of developing an air traffic control sys- 
tem suited to the country’s future needs. 

For complete paper on which this abridg- 
ment is based, write SAE Special Publica- 
tions Department. Price: 35¢ to members, 
60¢ to nonmembers. 











peak hour operations. (Even now, we Keep trucks flying farmers as well as supersonic DC-lls and 
off our parkways, limit “hot rods” to deserts and F-200s, there will have to be some combination of 
beaches, and make it increasingly intolerable to data links for the electronically rich and canned 
drive downtown in Los Angeles or Chicago.) voice communications for the poor. 

Again taking the New York area as a dramatic Air navigation, largely to complement ground data 
example, it is estimated that there would be around or to substitute in case of failure, may be by rho- 
450 to 550 operations per peak hr. It is probable theta radio navigation, or fan marker, or DR, or 
that if the system could handle the peak New York some combination displayed pictorially or fed into 
load, it could deal with the other critical areas such an autopilot. The pilot will need to talk to the 
as Chicago, Miami, and Los Angeles. ground only to report some emergency or to confirm 

Obviously, for the few major traffic hubs, some his identification, which his small airborne tran- 
very flexible positive electronic control plus semi- sponder will normally provide. In any case, the 
automatic communications would be required to system will have to fail safe, and the pilot will un- 
handle all the dynamic variables and compute and doubtedly demand some last resort under his own 
schedule the close spacing with safety required into control as the price of putting himself into the 
a number of all-weather runways. harsh hands of the automatic system. 

A combination of air and ground derived data will Because of terrain obstacles, ground return, and 
serve air navigation and traffic control, with mini- other problems, radar alone cannot serve the heli- 
mum airborne equipment being needed in the Free copters and vertical users. So some supplemental 





















and Monitored Airspace. system will be needed, particularly if air buses fill 
Human monitors will have pictorial and tabular the sky with commuters. 

air situation displays so as to intervene at any For complete paper (in multilith form) on which 

moment. this abridgment is based, write SAE Special Publi- 


Since the system must serve air commuters and cations. Price: 35¢ to members, 60¢ to nonmembers. 
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International Harvester stresses interchangeability 


of parts and common production tooling in its . . 


New 


Family of 


V-8 


Truck Engines 


G. R. Beardsley and A. A. Catlin 


NTERNATIONAL HARVESTER’s new family of Engine Specifications 
three V-8 truck engines has been developed to races 
provide gross power ratios of 206, 226, and 257 bhp. V-401 V-461 
With each engine having the same installed length, 
40 in., they are manufactured with essentially com- Bore (in.) 4-1/8 
mon tooling. Most of the parts of the three engines 
are interchangeable. They differ chiefly in the use Stroke (in.) 3-3/4 
of two cylinder bores and two crankshafts. 
All engines use standard grade fuels. Model 401 Displacement (cu in.) 401 
has a 7.5/1 compression ratio and the larger engines . 
7.0/1. Special attention was paid to reducing weight, Gross Torque (ft-M) onus a rae + nue cate 
which is critical and costly in trucks, by eliminating 
“lazy metal” in crankshaft, crankcase, oil coolers, Gross Power (bhp) 206 G 226 G 257 G 
and air compressors. 3600 rpm 93600 rpm = 33400 rpm 
By designing a family of engines, International wins aie . 
Harvester has achieved engine weights of 4.5, 5.0, eight with — 
and 5.4 lb per hp. The comparatively small, compact, standard secessories 1089 & 1093 & 1108 tb 
light, heavy-duty engines can be mounted within the Compression Ratio 7.5/1 7.0/1 7.0/1 
standard 34-in. frame spacing. 
Fuel economy is reported to be about 110 to 120 
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Fig. 1—To span horsepower needs in the truck industry, International 
Harvester developed three engines with different power and torque char 
acteristics 
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Fig. 2—Cylinder head loads are carried through the outer water jacket 
walls to the main bearing bulkheads. This eliminates barrel distortion. 


ton mpg for 100,000 miles of endurance testing at 
average speeds of 38 to 42 mph. 


Bearing loads are distributed 


In designing the crankshaft and connecting rod 
bearing loads, a basic design parameter of 760 psi 
peak combustion pressure was used. The design 
parameters for engine operating conditions were 
peak torque at 2000 rpm, maximum power at 3500 
rpm, and maximum speed, no load, at 4500 rpm. 

A main bearing length ‘diameter ratio of 0.30 was 
selected to provide maximum bearing cooling and 
full area contact without localized edge loading. 
Design bearing pressures of 3500 psi for connecting 
rods and 2500 psi for main bearings have been used 
and proven satisfactory. A firing order of 1-8-7-3- 
6-5-4-2 permits the lowest combined bearing loads 
with the crankshaft bearing spacing. A copper- 
lead-tin plated bearing material was selected for 
use with hardened journals. 


Cylinder heads are interchangeable 


The cylinder heads are made of stress-relieved 
cast iron. They are interchangeable on the three 
engine sizes. Common inlet and exhaust passages, 
as well as common valve sizes, are used for all three 
engines. Foundry equipment and manufacturing 
tools are essentially the same. The combustion 
chamber profile and the lower jacket core are varied 
so that the same material section is maintained ad- 
jacent to the combustion chamber on all heads. En- 
gine tappets can be serviced easily by removing the 
valve covers. 

Cylinder barrels are supported only by the top and 
bottom decks, as shown in Fig. 2. Combustion load 
reactions were considered separately for each bank 
of cylinders. The external longitudinal walls are 
the stress members which tie the cylinder heads to 
the transverse bulkhead walls containing the main 
bearing seats. 

Six bolts per cylinder, as shown in Fig. 3, are used 
to clamp the head and transmit gas pressure to the 
outer jacket wall. 


Crankshafts are induction hardened 


Crankshafts are fabricated from SAE 1046 steel. 
They are induction hardened and weigh 96 lb. A 
vibration damper is used on the V-549 and V-461 
engines. The journal overlap resulting from com- 
mon bearing diameters and reduced stroke in the 
V-401 engine decreases torsional stiffness and elimi- 
nates the need for a damper. The vibration char- 
acteristics of the three engines are shown in Fig. 4. 


Aluminum pistons are lightweight 


Pistons are made of tin-plated aluminum. The 
double transverse slot pistons, as shown in Fig. 5, 
were designed to transmit gas loads from the con- 
tour head to the pin bosses with a minimum variance 
in deflection and stress. A cross slot in the oil ring 
groove provides for oil drainage and a maximum 
crosshead length. The pins are made of plain car- 
bon steel and case hardened on the inside and out- 
side diameters. The maximum piston speed is 2300 
fpm at 3200 rpm (in the largest of the three en- 
gines). 
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Enbloc Crankcase has low pan rail 


The enbloc-design crankcase is made of slow- 
cooled alloy iron with the pan rail below the crank- 
shaft centerline, as shown in Fig. 6. Five main bear- 
ings, carried on bulkheads, blend with large fillets 
into adjacent members to distribute dynamic stress 
and reduce residual casting stress. Main bearing 
caps are made of high alloy iron. The rear bearing 
cap carries a rope-type seal. It has drain holes to 
return oil to the crankcase. Four camshaft bear- 
ings are used. 

Provision for producing two bore sizes has been 
accomplished by two sets of jacket and bore cores in 
the foundry equipment. The jack core assembly is 
commen to both banks. All crankcase cores are jig 
set for accuracy and reduced foundry costs. 


Valve gear is specially designed 


Instead of mechanical tappets, hydraulic tappets 
are used to avoid noise and service adjustments. 
The same type camshaft is used by the three engines. 
Cam design follows a modified polydyne method 
which considers the effect of valve gear flexibility. 
A constant acceleration ramp is used on the common 
intake and exhaust cam profile. The valve lift is 
0.420 in. and the opening duration is 260 deg. 

Dual valve springs with a total valve-open load of 
210 lb have proved satisfactory to 400 rpm. The 
tappet body is made of high strength cast iron with 
a chilled iron face. The camshaft is a steel forging 
with the lobe profile surfaces hardened and polished 
to a smooth finish. 

Intake valve stems have rubber umbrella seals 
which control lubrication of the valve guides. In- 
take valves are made of Silcrome XB. Sodium ex- 
haust valves are used in the V-549 and solid exhaust 
valves in the V-461 and V-401 engines. The exhaust 
valves rotate 


Induction system 


A four-barrel carburetor is used on the large en- 
gine and a two-barrel carburetor on the two smaller 
engines. Intake manifold area is changed accord- 
ingly. A differential pressure surge system between 
the four center cylinders provides an exhaust- 
heated hot spot for quick warm-up. Low resistance 
oil bath and treated paper air cleaners are used. 
The carburetor air intake can be either outside or 
under the hood. 


Cooling system gives uniform temperature 


A high pressure system combined with high veloc- 
ity scrubbing action and directional control pro- 
vides optimum cooling. A single, high pressure, high 
volume water pump discharges into two manifolds 
integrally cast along each cylinder bank. The area 
of this manifold is progressively reduced to maintain 
a constant velocity throughout its length. Each 
cylinder is supplied with cooling water by sets of 
metering holes fed from the water distributing 
manifold. The water impinges on the combustion 
chamber walls, spark plug bosses, and exhaust valve 
seat areas. 

A dividiag wall extends the length of the cylinder 
head, separating the water jacket into high pressure 
and low pressure areas. Metering holes in the criti- 
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Fig. 3—Six bolts per cylinder are equally spaced for clamping the head 
and transmitting gas pressures to the outer jacket wall 
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Fig. 4—V-401 engine has the least crankshaft vibration of the three en- 
gines, due to its shorter piston stroke 


Fig. 5—The contoured piston is made of light-weight, heavy-duty, tin- 
plated aluminum. 
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Fig. 6—The crankcase has the pan rail below the crankshaft centerline 


Fig. 7—Wet exhaust valve guide draws as much heat as possible from 
the valve. Inlet valve guide is conventional 
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cal areas of exhaust guides, exhaust seat inserts, and 
combustion chamber walls establish pressure differ- 
entials. Coolant flows through these holes with con- 
trolled direction and quantity. The coolant then 
flows from the low pressure area to the engine ther- 
mostats and into the radiator. 

A wet exhaust guide insures maximum heat trans- 
fer from the exhaust valve. (See Fig. 7.) Stepped 
diameters and an undercut in the area exposed to 
the cooling water facilitates assembly and removal. 

A balance tube connects the distributing manifold 
on either bank to compensate for minor casting and 
pump discharge variations. This tube is also used to 
supply the engine oil cooler with coolant from both 
cylinder banks. 

A dual thermostat by-pass system is used for rapid 
and uniform engine warm up. Each cylinder head 
has a thermostat mounted in the water outlet to re- 
duce restriction losses. 


Lubrication system 


The engine lubrication system is shown schemati- 
cally in Fig. 8. The 15 gpm oil pump is at the rear 
of the engine. It is supplied with oil through a fixed 
screen near the center of the oil in the pan. It de- 
livers oil to the oil galleries through a combination 
full-flow filter and partial-flow filter. A triple-pass 
oil cooler is standard on the largest engine and op- 
tional on the two smaller engines. 

For complete paper on which this abridgment is 
based write SAE Special Publications Department. 
Price: 35¢ to members, 60¢ to nonmembers. 


Fig. 8—Lubrication system has 15 gpm capacity 
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Some Answers to 


Multigrade 
Oil 


Problems 


ROPER selection of both base oil and viscosity 
index (V.I.) improver is an important requisite 

for a multigrade oil, if it is to fulfill two necessary 
functions of a high-quality engine lubricating oil, 
which are to provide: 

1. Good oil consumption under all conditions. 

2. Easy starting at low temperatures. 

Presented here are the results of some research 
work that covers these two phases of oil blending. 
(Good wear properties and freedom from sludge 
and other deposits are not considered.) 


Oil Consumption 


Oil consumption of multigrade oils depends on 
many factors, among them being: 


. Oil volatility 
2. Oil viscosity. 
3. Type of V.I. improver used. 


. Sensitivity of engine to viscosity and V.I. im- 
provers. 


When there is a proper balance between base oil 
and V.I. improver, so that the volatility, the high- 
and low-temperature viscosities—and other proper- 
ties—of the finished oil are just right, it is indicated 
by both authors and discussers that this oil will give 
oil consumption rates that compare satisfactorily 
with those of oils of conventional grades. The prob- 
lem is that, since multigrade oils are still relatively 
new, we don’t yet know just how to select the com- 
ponents to give the perfect blend. Many labora- 
tories are working on this problem, however, and 
they are providing information that is helping to fill 
in the gaps in our Knowledge about compounding 
multigrade oils. 

Overcash et al. tried to show that the viscosity at 
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Symposium on Multigrade Oils 


THIS ARTICLE is based on the following 
material: 


Relationship of Low-Temperature Cranking 
Resistance to Viscosity Characteristics of 
Multigrade Oils 

G. K. Malone and T. W. Selby, GMC 


Cold Starting with V. |. Improved Multigrade 
Oils 

F. B. Fischi, H. H. Horowitz, 

and T. S. Tutwiler, 

Esso Research & Engineering Co 


How Do Volatility, Viscosity, and V. |. Im 
provers Affect Oil Consumption? 

R. L. Overcash, W. Hart, 

and D. J. Mc Clure, 

Kendall Refining Co 


Discussion of these papers by: 
F. S. Wood, Standard Oil Co. (Ind.) 
W. P. Lakin, Union Oil Co. of Calif 
V. W. Ware, Rohm G Haas Co 
J. A. Miller, Calif. Research Corp 
H. V. Lowther, Socony Mobil Laboratories 


These papers and discussions were pre 
sented at the SAE Annual Meeting, Detroit, 
Jan. 13, 1956. 


The above papers are available in full in 
multilith form from SAE Special Publications 
Department. Price: 35¢ each to members, 
60¢ each to nonmembers. (The Malone- 
Selby and Fischl-Horowitz-Tutwiler papers 
are also published in full in the 1956 SAE 
Transactions. ) 
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Fig. 1—Effect of viscosity on oil consumption for series of oils under 
30-hp test conditions. Viscosities of oils ranged from 2.0 to 6.0 centi- 
stokes at 350 F. Reference oil had viscosity of 2.9 centistokes at 
350 F (from Overcash et al 
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Fig. 2—Oil consumption versus oil properties and engine operating con- 
ditions (from Lowther 





1. IMPROVER "C”" 


LOSS IN VISCOSITY AT 210°F, SSU DUE TO 
SHEAR BREAKDOWN OF Y¥.1. IMPROVER 


Fig. 3—Effect of shear stability of V.1. improvers on oil mileage of V.I. 
improved oil (from Miller). 


350 F, which is assumed to be the cylinder-wall tem- 
perature, correlates with oil consumption. For in- 
stance, Fig. 1 shows some of his test results, in which 
oil consumption decreased with increased viscosity 
at 350 F for a series of oils of equal volatility effect. 
Lowther, on the other hand, has found that a good 
correlation exists between viscosity of V.I. improved 
oils at 210 F and oil consumption. He suggested 
further that oil consumption may not always be re- 
lated to cylinder-wall temperature, but may be in- 
fluenced by the temperature of other engine areas. 
Miller has also found that lab and field tests with 
most types of automotive engines give a good corre- 
lation between oil mileage and viscosity at 210 F. 
He suggests that whether viscosity or volatility is the 
controlling factor depends on driving conditions: 


high-temperature condi- 
primary factor governing 


1. Under high-speed, 
tions, volatility is the 
relative oil consumption. 


2. Under average service, where both city stop- 
and-go and moderate-speed service is encountered, 
volatility is less of a factor and viscosity becomes 
more important. 


3. Under very light-duty service, the viscosity 
lines flatten out to a greater extent and volatility 
becomes even less important. 


The first two of these conclusions are illustrated 
by Fig. 2. Points are plotted for five oils: conven- 
tional SAE 10W, 20, and 30 oils and two 10W-30 
oils, one being more volatile than the other. Note 
that under high-speed conditions, there is a large 
difference between the multigrade oils of different 
volatilities, the more volatile oil giving far higher 
consumption. Under average driving conditions, 
on the other hand, the more volatile oil comes 
down within the range of the other oils, although 
it still does not give consumption comparable to 
the less volatile oils of equal viscosity. 

Studies of V.I. improved oils also show that the 
type of improver has a great influence on the per- 
formance of the blend. One of the important fac- 
tors appears to be the molecular weight of the 
polymer used as the improver. Thus, high-molecu- 
lar-weight, polymeric improvers are subject to 
rupture by shear in an engine, according to Miller. 
The breaking up of the large molecules, he reports, 
causes a loss in oil viscosity, causing reduced oil 
mileage. The higher the molecular weight of the 
polymer, the greater the loss in viscosity. Fig. 3 
shows the relative oil mileage he obtained for 
three oils made from the same neutral, thickened 
to the same viscosity at 210 F. Three V.I. improvers 
of the same type were used, but that had increasing 
molecular weight. Oil mileage of the V.I. improved 
oil used as reference (V.I. improver A) was the 
same as that of a conventional SAE 30 oil that did 
not show a viscosity loss with use. This mileage was 
1200 per qt. Note that a decrease in viscosity at 
210 F due to shear of 4 SSU can be tolerated with- 
out adverse effect on oil mileage, while a shear loss 
of 11 SSU reduces oil mileage by almost 20%. This 
loss in oil mileage due to shear breakdown of the 
V.I. improver is less than that reported by Over- 
cash et al. 
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Both Miller and Overcash et al. observed that 
loss in oil mileage caused by breakdown of V.I. 
improver of low shear stability varies with drain 
period, mechanical condition of tke engine, and 
operating conditions. Thus, short drain periods 
and high rates of adding make-up oil minimize 
differences in mileage between oils of different 
shear characteristics, while extended drain periods 
and low make-up rate accentuate differences. 
Miller reported, however, that he had not observed 
this phenomenon with oils blended with a V.I. 
improver of high shear stability. Moreover, he 
found that when shear stability and volatility are 
adequate, mileage of a V.I. improved oil is equal 
to or better than that of a conventional oil of 
similar volatility and viscosity at high temperature, 
regardless of the service in which the oil is used. 

Wood pointed out that differences exist in the 
sensitivity of engines to viscosity and V.I. improvers, 
se that in any test program several engines should 
be used to obtain statistical results. Table 1 illus- 
trates this point for three cars that were run ina 
controlled oil mileage test. The 20W-40 oil had the 
same viscosity at 300 F as the 40 oil. Car A was 
insensitive to the viscosity of the 40 oil but did 
respond to the V.I. improved oil. B was sensitive to 
the 40 oil but relatively insensitive to the V.I. 
improved oil. C, on the other hand, was responsive 
to both oil viscosity and V.I. improver and was 
typical of about 20 other cars included in the 
program. 


Cold-Weather Starting 


To recommend the correct multigrade oil for the 
temperature ranges previously served by single- 
grade oils, especially for low-temperature opera- 
tion, is not easy. Reason: viscosities of multi- 
grade oils change with temperature and shearing 
conditions in a manner quite unlike that of conven- 
tional mineral oil lubricants. 

That is why the usual method of determining 
oil viscosity at 0 F by extrapolating on the ASTM 
chart from measured viscosities at 100 and 210 F 
has proved unsatisfactory for the new oils. For 
example, some of the 10W-30 oils have been found 
to have a lower viscosity than that of the base 
stock—to which had been added several per cent 
of an extremely viscous polymer solution! 

As a matter of fact, it appears that ASTM ex- 
trapolated values are higher or lower than actual 
engine viscosities, depending on the V.I. improver 
used. 

Fischl et al. 
due to: 


point out that this variation is 


1. Differences in the low-shear viscosities of the 
V.I. improved oils not predicted by the ASTM chart. 

2. Temporary viscosity loss in engine operation, 
which affects oils to varying degrees. (The term 
“temporary viscosity loss” refers to an apparent 
drop in the viscosity of polymer-thickened oils dur- 
ing the application of high shearing stresses to the 
oil. On release of the shearing stress, the oil re- 
verts to its original viscosity.) 


The authors have devised methods for estimating 
these two factors from viscosity measurements at 
100 and 210 F. From these estimates they are then 
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Multigrade Oil Comparison 


Multigrade oils are designed for satisfac 
tory use over a wider range of operating 
temperatures than are single-grade oils. 
For instance, an SAE 5W-20 oil is like SAE 
5W oil at O F and is like SAE 20 oil at 210 F 
Similarly, an SAE 10W-30 oil is like SAE 
1O0W oil at O F and like SAE 30 oil at 210 F 





able to predict the engine viscosity during cold 
cranking of V.I. improved oils. 
This method is as follows: 


1. Estimation of low-temperature capillary (low- 
shear) viscosities: Based on a number of empirical 
formulas developed to accommodate the V.I. im- 
provers used in their tests, they suggest the follow- 
ing equation for determining specific viscosity 
between 20 F and — 20 F (S,): 


S, (3.00) 


S 
, 80.7 | 42 S.. 


T + 28.2) 


where: 
S, Specific viscosity at 100 F 
S.,. = Specific viscosity at 210 F 
T=Temperature between 20 F and -20 F for 
which the specific viscosity S, is wanted. 


(The authors emphasize that this equation is 
of a preliminary nature and has not been tested 
extensively.) 

Then the capillary viscosity of the V.I. improved 
oil is equal to the base oil viscosity (ASTM ex- 
trapolated value (multiplied by (1+S,). 

The authors point out that, since S, is positive 
at all times, the calculated viscosity of the V.I. im- 
proved blend can never be calculated to be lower 
than that of the base oil. They feel that this pro- 
vides a distinct advantage for the new method over 
the ASTM extrapolation technique for V.I. im- 


Table 1—Engine Sensitivity to Oil Viscosity and 
V.1. Improvers 


(from Wood) 
Relative Oil Mileage 
Car B 


100 100 
106 140 
131 128 


Car c 
100 


138 
140 


Car A 
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Fig. 4—Cranking speed versus viscosity determined by extrapolation 


from Malone-Selby 
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Fig. 5—Cranking speed versus viscosity determined by Brookfield 


viscometer (from Malone-Selby 


and alone is probably sufficient justi- 
fication for its use 


2. Extent of 


proved oils, 


temporary viscosity loss in low- 
temperature engine cranking: As a first-order 
approximation for estimating the cold-starting 
performance of 10W-30 oils in the — 20 to 0 F range, 
they suggest that a 50% temporary viscosity loss 
due to polymer be used 

They point out that actually the temporary loss 
due to polymer depends on many factors, including: 


1. Amount of viscosity that is contributed by the 
polymer at the given temperature. 
2. Percentage of viscosity due to polymer that is 


RPM 


PEED, 


S 


RANKING 


3000 


VISCOSITY, CENTIPOISES 


Fig. 6—Cranking speed versus viscosity determined by Fenske-Ostwald 
reverse-flow capillary viscometer (from Malone-Selby 


4000 
VISCOSITY, CENTIPOISES 


Fig. 7—Cranking speed versus viscosity determined by GM forced-ball 
viscometer (from Malone-Selby). 


lost as a result of shearing stress. (Traditionally, 
shearing rate has been used, but, the authors re- 
port, recent tests indicate that better correlation 
is obtained when shearing stress is used. Shear rate 
is a measure of the difference in velocity of layers 
of a moving liquid. Shearing stress is a measure 
of the force required to bring about this difference 
in velocity. Viscosity is the ratio of shearing stress 
to shear rate.) 

3. Polymer type. (The commercial V.I. improvers 
currently available vary somewhat in their sus- 
ceptibility to viscosity loss but are all of the same 
order of magnitude.) 

4. Polymer molecular weight. 


(The amount of 
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viscosity loss at a given shear stress appears to be 
directly proportional to molecular weight.) 

5. Polymer concentration. (The higher the con- 
centration the lower the viscosity loss at a given 
shear stress.) 

6. Temperature. (The variation of viscosity loss 
with temperature is slight, but the losses appear 
to be somewhat higher at low than at high temper- 
atures.) 


A study of the effects of these factors is now in 
process. When the work is completed, the authors 
feel that they will be able to predict the amount 
of temporary viscosity loss that occurs under any 
condition with any commercial V.I. improver blend. 

While agreeing that the ASTM extrapolated vis- 
cosity is not a true indication of the starting 
performance of a multigrade oil, Malone-Selby ap- 
proached the problem from a different standpoint. 
They compared the results obtained in a full-scale 
cranking study using commercial 10W and 10W-30 
oils in cars at 0 F with low-temperature visco- 
metric laboratory analyses. Briefly, their results 
are as follows: 


1. When cranking speed is plotted against ex- 
trapolated viscosity, the points seem almost ran- 
domly dispersed, as shown in Fig. 4. By drawing 
the best straight line through the points (by the 
method of least squares) and calculating the cor- 
relation coefficient, it may be shown that the ex- 
trapolated values show only 5.3% correlation to 
the cranking speeds. This indicates that the vis- 
cosity of the oil at 0 F influences a cranking speed 
of, say, 50 rpm, by only 2-3 rpm certainly a neg- 
ligible effect, and contrary to experience. (The 
band shown in the illustration represents the 
standard deviation of points about the line.) 

2. Cranking speed plotted against viscosity as 
determined by the Brookfield viscometer at 0 F 












Flight Line Disruption .. . 








is shown in Fig. 5. Drawing the best straight line 
through the points, the correlation between vis- 
cosity and cranking speed is found to be 32%. 
This says that 32% of the cranking speed variation 
is caused by the viscosity of the oil in the engine. 
This is certainly a much more significant effect 
than that indicated by the extrapolated values. 

3. Cranking speed versus viscosity as determined 
by the Fenske-Ostwald reverse-flow capillary visco- 
meter is shown in Fig. 6. More scatter is seen than 
with the Brookfield viscometer, since this instru- 
ment, when operated under its own hydrostatic 
head, is sensitive to structures which some oils 
form at 0 F. The correlation between these vis- 
cosity values and the cranking speed is found to be 
16.3%. This is about half that of the Brookfield 
figure but about three times that indicated by the 
extrapolated values. Undoubtedly, this correlation 
would be improved by using a greater pressure to 
move the oil through the capillary than that devel- 
oped by the hydrostatic head, since this would tend 
to eliminate the influence of fragile oil structures 
on the determined values. 

4. Cranking speed versus viscosity as determined 
by the GM forced-ball viscometer is shown in Fig. 
7. Correlation between these viscosity values and 
cranking speeds was found to be 43%, or about 
eight times better than that obtained from the 
extrapolation data. 

In discussing this phase of the problem, Ware 
pointed out that a 5-10% dilution of the oil with 
gasoline will tend to eliminate the modest differ- 
ences in startup that are found when different types 
of V.I. improvers are used. Since the crankcase of 
the average car that has been used for driving only 
short distances in cold weather will be loaded with 
gasoline, he feels that this should be taken into 
consideration somewhere along the line in the test 
work. 


...¢an be minimized by proper controls, education, and correcting troubles quickly at 


their source. 






ONTROL over design changes must be established 
if flight line activity disruption is to be lessened, 
and the responsibility for it rests with both manu- 
facturing and engineering divisions. Engineering 
has the final decision regarding mandatory flight 
safety changes, but manufacturing must have con- 
trol over the incorporation of the changes which 
may affect flight line operations. “Block” seriali- 
zation coupled with “pilot” aircraft (one or more 
aircraft pulled ahead of normal schedule for 
production proving) provides an excellent oppor- 
tunity to prove both engineering and manufacturing 
methods. 
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P. A. Schweich, | 


There are three basic types of changes-— 
tory, necessary, and facility. 


manda- 
The mandatory type, 
affecting flight safety or flight operations, must be 
made prior to the next flight and may require ex- 


tensive modification on the flight line. 
ification planning can be of great help. 
Necessary change is one made in an expedited 
manner to achieve fulfillment of the aircraft mis- 
sion. If the change is to be made effective during 
the flight span, authorization and responsibility 
must be delegated to a change board on which both 
engineering and manufacturing have a voice. 
The facility change generally provides savings in 


Here, mod- 


33 






man-hours, material, tooling, facilities, or equip- 
ment. It should not upset schedules or operations. 
Savings thought justifiable are frequently not really 
justifiable when the cost of disruption or broken 
schedules are deducted. 


Education Is Necessary 


Education of flight line supervision may be nec- 
essary to overcome resistance to mandatory and nec- 
essary changes. Cooperation of flight line super- 
vision requires some knowledge of sales, engineering, 
fabrication, material, scheduling, and planning. 
Personal contact with representatives of each de- 
partment is helpful in instilling a desire to take the 
direct approach on the flight line. 

The liaison engineer has the responsibility for de- 
tecting engineering errors. He must be trained and 
instructed to circulate in assembly and flight de- 
partments and to take the initiative to institute 
changes or force explanation from those responsible 
for difficulties. He should have a system of docu- 
mentation that will permit immediate action. 

Flight line supervision and personnel must be will- 
ing to take the responsibility of stopping flight line 
operations upon indication of hazardous conditions 
even though inspection and engineering have not 
yet been informed. An evaluated opinion is then 
obtained from the project engineer prior to flight 
release. 


Transmission of Data 


The transmitting of data obtained by engineering 
flight organizations during the development of first 
articles to project engineering or manufacturing 


Serving on the panel which 
developed the information 
in this article were: 


C. A. Forter, Jr., 


J]. H. Famme, 


P. A. Schweich, 


Clair Popejoy, 
G. Stroh, 


P. H. Von Essen, 


could be vastly improved. Too often, the unsatisfac- 
tory conditions observed by engineering flight per- 
sonnel are corrected on one airplane and not on sub- 
sequent units. 

One concern overcomes this by assigning one ca- 
pable engineer to each unit or series of units to eval- 
uate and report discrepancies or malfunctions to the 
project engineer. Generally speaking, the engineer 
should report to the organization most interested in 
corrective action. 

Most will agree that the flight line foreman is 
most affected by airplane schedule since there is 
no organization beyond his to complete and deliver 
the airplane. For this reason, rapid correction of 
design troubles in early production units is manda- 
tory. The personnel of all organizations servicing 
the flight department should be as conscious of the 
daily schedule as the foreman of flight line, and 
flight line supervision should drill others to accept 
responsibility for action as part of a team. 


Flight Checkout 


Reduction in the number of flights required to 
complete flight checkout depends primarily on qual- 
ity. Correct sequencing during preflight operations 
and on the flight line can help in developing quality. 
The positive approach to preflight sequencing will 
reveal that, 


1. The majority of operations fall into well defined 
categories. 


2. Practically all of this work can be stationized. 


3. Flight mechanics can be especially trained to 
perform rework operations of a non-standard type 
as well as standard operations. 


To achieve maximum economy in the operation 
of a flight line it is often necessary to locate the 
flight base away from the assembly plant to insure 
proper climatic conditions. Some companies prefer 
making the first production flight in conjunction 
with the ferry flight to the remote base. Others 
choose to ship major structural components to a 
final assembly and flight base. There are these ad- 
vantages to the latter method: 


1. It is seldom necessary to perform preflight sign- 
out operations more than once per flight due to 
weather and as a result there can be better sequenc- 
ing prior to flight. 


2. It is unnecessary to retain extra personnel, or 
pay premium overtime rates, to level the production 
schedule after long weather delays. 


3. In-process flight line inventory can be cut to 
a minimum with elimination of a weather pool. 


(This article is based on the secretary’s report of 
panel on “Engineering and Manufacturing Look at 
Flight Line Operation” held at SAE Golden Anni- 
versary Aeronautic Meeting, Los Angeles, Oct. 11, 
1955. This report together with 14 other panel re- 
ports are available as SP-313 from SAE Special Pub- 
lications Department. Price: $2.00 to members, $4.00 
to nonmembers.) 
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Forgings made from “exotic’’ alloys 


have extra-special properties. They 


require extra-special care in preparation, too. 


Forging Super Alloys 


E. Foley, 


O PRODUCE high quality, super alloy forgings 

with uniform properties throughout, melting and 
heating techniques must be controlled with preci- 
sion. If all gases can be eliminated from the allov 
during melting, highly reactive elements—such as 
titanium and aluminum—can be added without 
forming oxides which weaken it. The addition of 
these metals or other scarce materials such as zir- 
conium, molybdenum, and nickel, produce stronger 
alloys that are able to withstand the high tempera- 
tures of many modern applications. 


Nickel alloy forgings .. . 


Forgings made of nickel base alloys have great 
strength and corrosion resistance at high tempera- 
tures. 

One company uses both electric arc and high fre- 
quency induction furnaces to melt ingots weighing 
500 to 20,000 lb. Certain alloy ingots may be cooled 
to room temperature, conditioned, and then re- 
heated to forging temperature. Other alloys must 
be stripped hot and charged directly into a furnace 
at forging temperatures to avoid damage to the in- 
got during cooling. 

Fuels used in heating must not contain much sul- 
fur because high nickel alloys are susceptible to in- 
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tercrystalline attack. Gaseous fuel should not con- 
tain more than 30 grains of sulfur per 100 cu ft. Oil, 
such as ASTM +1 and 2, is safe provided sulfur does 
not exceed 0.5%. Coal or coke is generally unsatis- 
factory. 

The atmosphere in the heating furnace should 
have 2% or more carbon monoxide for reduction 
purposes. A strongly oxidizing atmosphere is un- 
desirable. Furnace atmosphere that fluctuates from 
oxidizing to reducing causes intergranular attack 
resulting in surface cracking during hot working. 

The furnace hearth must be kept clean to achieve 
high alloy quality during heating. Slag, scale, and 
other contaminants usually contain sulfur. Baffles 
must be used to prevent the impingement of flame 
and unburned fuel oil on the alloy. 

Since each melt has different forging characteris- 
tics it must be sampled and tested for bend and com- 
pression at various temperatures. Alloys should be 
heated to a temperature about 150 F below the top 
bend temperature. Furnace temperature very much 
higher than the desired heating temperature may 
cause overheating and nonuniformity. 

For best forging results the following rules are re- 
commended: 


* Start forging with as little delay as possible 
after heating. 





* Forge within the specified temperature range. 

* Use heavier blows at first. Decrease force of the 
blows as the temperature drops. 

* Rate of reduction should be such that tempera- 
ture is maintained or decreased slowly. Fast 
forging with highly localized rate of reduction 
may increase the alloy temperature until it 
burns and becomes permanently damaged. 
When forging bars, forge uniformily across the 
entire length keeping a uniform cross section. 
When forging small parts, such as turbine 
buckets, stay within the narrow temperature 
range of the bucket alloy (1950 to 2200 F). If 
temperature drops below 1950 F during forging, 

netal may develop stresses that cannot be 

removed with standard heat treatment 


the 


Titanium alloy forgings... 

Consumable electrode melting and double melting 
at reduced pressure are providing homogenous ti- 
tanium with little segregation. Interstitial 
elements, as hydrogen, can be controlled com- 
paratively easily. 

When heating titanium, an oxidizing atmosphere 
should be used. A reducing atmosphere will cause 
hydrogen contamination. 

In 1956 about 10,000,000 lb of titanium and tita- 
nium base alloys will be produced. About 5,000,000 


ingots 


such 
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lb will be forged into compressor blades, wheels, 
spacers, rings, and air frame parts. 

One of the biggest problems in the economical use 
of titanium is how to reclaim scrap. It is extremely 
difficult to sort the different alloys, remove broken 
carbide bits, and prevent gas contamination in tita- 
nium scrap. 


Molybdenum alloy forgings... 


Molybdenum and molybdenum alloys are melted 
by the consumable electrode process. Molybdenum 
structure is very coarse with 14 x2 in. crystals de- 
veloped in 6 in. diameter ingots. 

Furnaces used in heating molybdenum must be 
capable of reaching 3000 F. Since molybdenum ox- 
idizes readily there is no problem with scale. Once 
a wrought structure has been developed, the metal 
can be forged into bars, forged in closed dies, drawn 
into wire, and rolled into sheet. 

Molybdenum is difficult to deform. At 2200 F its 
hardness is equivalent to that of iron at 800 F. 
When strain-hardened by forging its hardness at 
2200 F equals that of iron at room temperature 

Molybdenum cannot be cast to shape. Currently 
known alloys do not respond to heat-treatment. 

Ingot yield can be increased from 50% when using 
conventional forging to 83% when using the Se- 
journet extrusion process. 

Molybdenum alloys containing up to 1% niobium 
or titanium have shown 100 hr stress rupture 
strength of 63,000 psi at 1800 F and 50,000 psi at 2000 
F. 


Zirconium alloy forgings... 


Zirconium and its alloys are used almost exclu- 
sively in the nuclear energy field. Currently annual 
ingot production is 250,000 lb. By 1958, production is 
expected to be over 2,250,000 lb. During this period 
the price is expected to decrease from $18 per lb to 
$10 per lb. 

Zirconium has been used unalloyed although an 
alloy known as Zircalloy 2 (containing 114% tin) 
has also been widely used. 

Zircalloy ingots can be forged by hammer or press. 
Closed dies normally used for ferrous alloys can be 
used to forge zirconium with only minor modifica- 
tions. 

Zirconium is produced by the consumable elec- 
trode melting process in much the same manner as 
titanium. 

It is forged readily in the 1600-1800 F range. 
Above 1600 F the metal is body centered cubic. Be- 
low 1600 F it reverts to the hexagonal, close-packed 
structure which is difficult to deform by hot working. 

Heating requirements are similar to those for ti- 
tanium. The furnace should be clean and flame im- 
pingement should be avoided. Contamination by 
atmospheric gases should be prevented. Oxygen and 
nitrogen increase hardness and strength, but de- 
crease elongation. Hydrogen causes embrittlement. 

(The report on which this article is based is avail- 
able in full, together with reports of six other panel 
sessions of the SAE National Production Meeting 
and Forum held in Cleveland, March 19, 1956. This 
publication SP-314, is available from the SAE Spe- 
cial Publications Department. Price: $1.50 to mem- 
bers, $3.00 to nonmembers. ) 
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J. B. Hurt, 


Jet Engine Servicing 


ets More Complicated 


As jet engines become more complex, servicing and 
operational problems also become more complex. Here 
are some current problems and what's being done to 
solve them: 


NITIAL attempts to protect jet 
engines from debris included 
fixed and _ retractable screens 
within the duct or engine. But 
damage due to the screens them- 
selves, performance losses, and the 
tendency of the screens to collect 
ice have put them in disfavor. 
Present protection methods are 
combinations of the following: 

1. Portable run-up screens of 
14-in. mesh which are attached to 
the duct inlet whenever the en- 
gines are run up by ground crew. 

2. Taxi screens, usually of a finer 
mesh, which are Kept on the duct 
inlet until just prior to the take- 
off run. 

3. Better housekeeping of run- 
up and take-off area by sweepers 
to remove debris that might be 
blown into the inlet. Fig. 1 shows 
results of such cleaning. 

4. Better inspection of duct in- 
teriors prior to engine operation. 

The tendency of mechanics to 
overlook or leave objects in ducts 
is very hard to control. The use 
of duct plugs helps in two ways: 
(1) Sealed plugs installed on the 


Debris damage ... 


... cost the Air Force $18,000,000 in 1953 and 70 major 
accidents in 1953 and 1954. Here’s what’s being done to 
prevent foreign object ingestion in jet engines. > 
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Fig. 1—Nine Ib of scrap metal pieces were collected during a run-up and take-off area sweeping 
This debris may be blown into a jet engine damaging compressor blading and other engine parts. 
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production line after thorough in- 
spection by Quality Control, and 
which can be removed and rein- 
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stalled only under Quality Control 
supervision, prevent objects being 
left in the duct. (2) The use of 
plugs on the flight line prevents 
airborne dirt and weather damage. 

Experience has indicated that 20 
mesh screen will restrict particles 
to a size that will not nick blades. 
However, some engines may be so 
sensitive to damage as to require 
20 to 12 mesh, while 14-in. mesh 
may be satisfactory for more 
hardy engines. For example, long 
compressor blades tend to bend 
when damaged but stay with the 


Air inlet ducts . 


... must be designed clean and matched carefully with the 
engine or else a pressure pattern distortion may reduce 
thrust up to 5%. 


effect that the 

air inlet duct has on engine 
performance, the duct design is 
becoming more and more impor- 
tant. The penalty in poor design 
or workmanship can be quite large. 
For example, with a turbojet en- 
gine, 1% loss in recovery can mean 
an indirect 3 to 4% increase in 
drag. A similar loss with a turbo- 
prop can require almost 400 lb 
more fuel consumption per hr. 
Consequently designing ducts to 
give best performance is more im- 
portant than eliminating duct 
weight 


large 


UE to the 


Aerodynamic Smoothness 


Since internal airflow is in the 
high subsonic range, aerodynamic 
smoothness is as important inside 
the duct as outside the airplane. 
Flushness tolerances in the order 
of 0.030 in. maximum deviation 
from contour on 6 in. centers, 
0.020 in. on 4 in. centers, and 
0.005 in. on 2 in. centers are some- 
times called for. Where transverse 
butt joints are necessary in the in- 
let, a difference in joint flushness 
of 0.003 in. can be excessive, al- 
though aft of the inlet and inside 
the duct, 0.015 in. can often be 
allowed. 

Air leakage must be kept to a 
minimum and duct joints sealed in 
such a way that relative working 
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engine, whereas, short blades usu- 
ally shear off. The use of screens 
while running engines for adjust- 
ment purposes requires perform- 
ance compensation. Some com- 
panies have two sets of checkout 
references, one with screens and 
one without. 

The problems associated with 
run-up area sweeping include: 

1. Air traffic may be tied up 
while runways are being swept un- 
less more than one runway is 
available. A sweeper requiring 
only one pass is desirable. 


will not occur. The use of sealing 
methods similar to that employed 
for fuel tanks is one ideal method 
of duct fabrication. The use of 
non-permanent type connectors 
such as bolts and quick-fasteners 
within the duct should be kept to 
an absolute minimum to avoid the 
possibility of their working loose 
and damaging the engine. Where 
their use is necessary, positive 
method of retention and good 
quality control in manufacturing 
is required. 

Although heavy materials make 
better ducts, it must be remem- 
bered that the duct surface area is 
large. For one airplane, 0.001 in. 
increase in wall thickness means 
an increase of 1 lb in weight. 
Since such ducts are quite rigid 
and fixed, it frequently aids pro- 
duction to separate the duct from 
the basic airplane, so that the two 
are independent and relative ad- 
justments can be made. 


Design Principles 


The following are examples of 
existing duct design principles for 
specific problems: 


1. In a duct used on a turbojet 
trainer, satisfactory stiffness is 
obtained by riveting the inner 
skin to an outer beaded skin 


2. Wind can blow debris back 
into the area after sweeping. One 
way of controlling this is to plant 
trees parallel to the runway. 

All evidence indicates that en- 
gines do not pick up debris off of 
the ground. Damage is caused by 
wind or exhaust blasts blowing 
material at and into the ducts. 
This appears, therefore, to be more 
of a problem with military aircraft 
which may be grouped for simul- 
taneous take-off than with com- 
mercial planes which usually take- 
off alone. 


and making the entire assem- 
bly an integrated part of 
the airplane structure. This 
method has the undesirable 
features of requiring a large 
number of rivets which can 
cause local roughness. The in- 
ner skin tends to conform to 
the beaded outer skin. Too, 
cracks are possible between 
stiffeners. As a result of these 
features and its integrated na- 
ture, close tolerances are not 
feasible. 

Another duct is used on a high 
performance turbojet fighter 
where high duct performance is 
necessary. The wall is made 
from integrally stiffened, ex- 
truded cylinders which are split 
and formed to shape. The 
seams at the end of the stiffen- 
ers are joined by a heavy angle, 
sections are butted, and the en- 
tire assembly supported from 
the airframe structure. Wavi- 
ness tolerances of 0.005 in. on 
2 in. centers are practical with 
high caliber tooling. This is an 
example where plastic or cast 
ducts could be used to give the 
highest degree of smoothness 
and adherence to _ contour. 
However, it is believed that the 
integrity of plastic ducts is not 
proven and some form of non- 
destructive testing is required 
to insure dependability. 


Another example is a duct used 
on a turboprop transport. Al- 
though the duct is short, its re- 
quirements include close ad- 
herence to smoothness and 
contour, fireproof character- 
istics, the ability to take up to 
10 psi pressure from certain 
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flight conditions or minor ex- 
plosions, complete de-icing 
throughout its length, ease of 
replaceability, and flexibility 
due to relative motion of en- 
gine cowl. This duct has fore- 


corrosion resistant steel sheet 
with circumferential stiffeners 
spotwelded on the outside. In 
a marriage of design and pro- 
duction requirements, Class A 
spotwelds are used on the in- 
side and Class B spotwelds on 
the outside. 

Opinions differ as to whether it 
is more desirable to have the inlet 
lip transverse joint on the outside 
or inside of the duct, but there is 
general agreement that: 


1. Accessories should be Kept off 
the nose of the engine insofar 
as possible to prevent the ne- 
cessity of access into the duct. 
Internal screens in duct or en- 
gine are undesirable. 

A close tolerance on the inside 
of the engine inlet is necessary 
to eliminate a step at the duct- 
engine connection. 

Excellent tooling is necessary 
to assist the shop in holding 
engineering requirements. 
Duct design should be such as 
to minimize pressure variation 
at engine inlet. 
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Fluid line fittings . . . 


... an create as many problems as they solve. Watch out 
for self-sealing, quick disconnect fittings, standard flare- 
and-aft joints and is made of type AN fittings, and fuel filters. 


FTER self-sealing, quick-discon- 

nect fittings were proven suc- 
cessful in aircraft hydraulic sys- 
tems, their use quickly spread to 
other fluid systems. However, lack 
of sufficient consideration of the 
intended purpose often led to poor 
applications and sometimes acci- 
dents resulted. 

Their most advantageous fea- 
ture is their self-sealing rather 
than their quick-disconnect abil- 
ity. This is because more time is 
saved due to the elimination of 
bleeding or functional checks than 
in the actual disconnecting opera- 
tion. In a typical pod-type en- 
gine: 


Total time required to 
replace engine— 

Time saved by quick- 
disconnect features on 
fluid lines 

Time saved not having 
to retest h; draulic sys- 
tem 

Time saved not having 
to drain fluid lines— 


25 min 


5 sec 


60 min 
6 min 


The time saved by not having to 


bleed or recheck the hydraulic sys- 
tem represents a large portion of 
the installation time and makes 
the self-healing feature desirable 
There are other disadvantages of 
fittings with quick-disconnect fea- 
tures: 

1. They are not reliable. (Many 
accidents have been attributed to 
them.) 

2. Various types operate differ- 
ently. They are tricky, require 
careful handling, and personnel 
must be trained to use them cor- 
rectly. 

3. They are comprised of 15 to 
30 parts. (Assembling these parts 
is costly.) 

4. Because of the quick-discon- 
nect feature, a coupling is fre- 
quently installed in closely con- 
fined areas. 

5. No weight is saved by the fea- 
ture. 

Thus, it is evident that rather 
than try several types of quick- 
disconnect fittings when trouble 
develops, it may be better to avoid 
quick-disconnect fittings alto- 
gether. 

Another problem frequently en- 
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countered in plumbing systems is 
the tendency of the standard 
flare-type AN fitting to leak in cold 
weather, whereas in standard con- 
ditions it functions satisfactorily. 
Since the parts making up the 
joint can be of the same material, 
it would appear logical to assume 
that it would contract and expand 
uniformly. It apparently does not. 
An analysis of the situation sug- 
gests the following possibilities: 

1. Perhaps the unannealed flared 
portion of the tube is annealing 
and relaxing due to repeated cold 
soaks. This could be eliminated 
by annealing after flaring. 

2. The use of an aluminum nut 
and fitting with a steel line and 
Sleeve will give a contraction co- 
efficient relationship that will 
tighten the joint in cold condi- 
tions. The use of titanium for the 
fitting in the above combination 
will give even better sealing char- 
acteristics. 

3. High frequency vibration may 
be a factor for it has been proven 
that in certain areas lock wiring is 
required to insure a tight connec- 
tion on all styles of friction-locked 
fittings. 

Another problem is fuel flow 
blockage due to ice crystal accu- 
mulation, and the inadequacy of 
filters to handle certain extreme 
filtering situations. JP-4 fuel will 
carry more water in suspension 
than gasoline. One test with JP-4 
fuel from a new barrel cooled to 
- 65 F caused a complete fuel stop- 
page in 15 sec because of ice ac- 
cumulation on the pump screen. 
Other tests have shown that fuel 
filters on F-86 airplanes operating 
in Korea have been blocked after 
60 sec operation due to dust ac- 
cumulation. Fuel filters can be 
used but they: 


1. Are an additional maintenance 
problem over that required by 
the engine filter. 

Are another leakage source. 

Add considerable weight. 


Represent a fire hazard due to 
servicing spillage. 


Take up valuable space 


When plugged, their bypass will 
allow contaminated flow 


Give a false sense of security 


One suggestion for the reduction 
in the ice blockage problem is to 


40 


use a large area screen between the 
boost pump and the rest of the fuel 
tank in lieu of the present small 
area screens. Eliminating the filter 
from the airframe fuel system and 
more frequent servicing of the en- 
gine filter might be a better 
method. The engine filter is lo- 
cated in an area frequently serv- 
iced and protected from the possi- 
bility of fire. 

The above analyses are examples 
of today’s situation where much 
equipment is specified and used 
without giving careful considera- 
tion to its usefulness or purpose. 
Improvement of production and 
maintenance is possible if this is 
done early in the airplane’s design 
stage. 

Some of the other problems con- 


Engine removal . 


.. . after installation, is costly and sometimes can be pre- 
Here are suggestions to eliminate unnecessary 


vented. 
removal. 


NCE an engine has been in- 

stalled and checked out in an 
aircraft it should not have to be 
removed. The most common 
causes of removal and what can 
be done to decrease them are: 


Fluid line leaks. This may be 
cured by a close torque check of 
all fittings prior to installation and 
making pressure checks of the sys- 
tems prior to installation. 


Component or accessory failure. A 
thorough pre-installation detail 
check should help in this case. 


Excessive engine vibration. Fre- 
quently, the pilot’s opinion of ex- 
cessive vibration is not borne out 
by a later engine check. In one 
case, such “squawks” were greatly 
reduced by building a test seat 
which could reproduce the vibra- 
tion observed by the pilot in the 
airplane. By comparing this vi- 
bration with that which would be 
produced by an engine excessively 
out of balance, the pilot would fre- 
quently change his opinion. This 
simulation can also be used to edu- 
cate the pilot as to the type of 
vibration caused by engine-air- 
frame rub and burner roughness, 
and allow him to identify these 
problems during airplane flight. 


nected with fluid line fittings are: 

1. The pressure loss through 
self-sealing couplings is usually 
too high, although there are fit- 
tings on the market designed to 
have no appreciable pressure drop. 

2. Nearly all self-sealing cou- 
plings allow a small amount of air 
in the line. Most systems, espe- 
cially engine fuel controls, can ac- 
commodate this. 

3. Electrolytic corrosion can oc- 
cur at joints composed of different 
types of metals. 

4. The use of a dry lube (graph- 
ite or moly-sulfide coating) has 
been successful in some cases 1n 
preventing corrosion in fitting as- 
semblies. This treatment is not 
consistent enough for dependable 


use. 


Overhauled engines not brought 
up to the latest Technical Order 
modifications. This requires close 
inspection of both records and en- 
gines to insure compliance. It has 
been found helpful to have the en- 
gine manufacturer campaign such 
engines prior to delivery. 


Lack of correlation of perform- 
ance checks between the airframe 
and engine manufacturer. To 
eliminate this requires close co- 
ordination and understanding be- 
tween the two parties and educa- 
tion of the inspectors. 


Other Suggestions 
suggestions which 
unnecessary engine 
check engine in 
test cell before installation. In 
some cases, between 100 and 200 
engines of each new basic design 
are checked out prior to their in- 
stallation. Other companies, how- 
ever, have not found it necessary 
to go to this extent. 

Periodically inspect an engine 
(for example, every tenth one) for 
discrepancies and errors and co- 
ordinate the findings with the en- 
gine manufacturer. 

Run complete continuity and re- 
sistance checks prior to installa- 
tion. 


7an 
Fre- 


Other 
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The Truth About Tires 


At an SAE Montreal Section meeting, two 
experts gave frank answers to questions 
about tubeless tires, safety, inflation pres- 


sures, strength ratings, and new materials. 


How safe are tubeless tires? 

Tubeless tires give added insurance against sud- 
den blowout. In a tire with a tube, the tube may 
blow itself out through a carcass rupture and burst, 
giving instantaneous deflation and making the car 
dificult to control. The tubeless tire leaks air 
through the rupture letting the tire down slowly. 

There are some types of safety tubes which are 
made of additional plies of strong material and it is 
almost impossible for these safety tubes to blow out. 

Other safety tubes have an inner diaphragm which 
supports the weight of the car if the outer tube and 
tire rupture and lose air. It should be remembered, 
in any case, tire failure is the cause of less than 2% 
of fatal accidents. 


Are tubeless tires 
better than tires with tubes? 


Most tire manufacturers don’t expect tread mile- 
age of tubeless tires to be better than conventional 
tires. The tubeless should run somewhat cooler. 
This should improve tread life, but it isn’t a major 
factor. (There hasn’t been enough experience for 
accurate mileage data, yet.) 

The tubeless tire can be re-capped no more easily 
or difficultly than the conventional tire. 

The lighter weight of the tubeless makes it desir- 
able for aircraft. 

The tubeless tire is no more difficult to repair than 
a conventional tire if manufacturer’s instructions 
are followed. Of course, with a severe rupture you 
can’t just put a boot in it and run it with a patched 
tube as with the conventional. A complete repair 
job is necessary to re-establish the air holding ca- 
pacity of the inner layer. 

A tubeless tire that wears beyond the stage where 
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it can be repaired by normal procedures may have 
its use extended by putting a tube in it. The heavy 
ridges inside a tubeless tire are not likely to chafe 
through the tube. The ridges are put there so that 
during manufacture air inside the tire can escape 
around the bead. The ridges do not affect tire life. 

A tubeless tire that is punctured with a nail will 
usually retain enough air to reach a service station. 
Some tubeless tires have been run hundreds of miles 
with nails in them before going flat. Running with 
a nail in the carcass is liable to cause additional 
damage. 

Tubeless tires were adopted partly to take advan- 
tage of savings in manufacturing costs. Assembly 
lines, using automatic mounting methods, can 
mount thousands of tires a day with fewer laborers. 
In the future costs will be lowered even more; how- 
ever, at present it costs just as much to make a tube- 
less tire as a tire and tube. 

Although it is true some tube problems are elimi- 
nated by doing away with a tube, most tube problems 
concerned the valve and the new tubeless tires also 
have valves. 


Why don't we use larger tires? 


About 35 yr ago we used to have larger tires on 
the front wheels to support the unequal distribution 
of load. But nobody wanted to carry two spare tires. 
Today the average front wheel tire is 20% over- 
loaded because the car manufacturer saves money 
by putting on the smallest tire possible. The Tire 
and Rim Association can only recommend tire size. 
It has no legal status which can force car engineers 
to use its standards. 


What inflation pressure 
should you use? 


Use the inflation pressure that the manufacturer 


recommends. These pressures have been designated 
to give satisfactory mileage, good riding comfort, 
and stability. 

It is true that if you put 28 psi into a tire recom- 
mended for 24 psi you will decrease the tread wear 
slightly and increase tire mileage. However, you 
will sacrifice riding comfort. Too, the gain in tread 
wear may be offset by increase in bruises and tire 
breaks. A tire that is over-inflated is more suscep- 
tible to rupture than one which is at rated pressure. 

If you are driving on bad roads and wish to soften 
the effect of bumps on the car, you may wish to re- 
duce pressure slightly. Reducing pressure a few 
pounds will give better traction in soft sand because 
the tire print will be larger and the car won’t sink 
so far into the sand. 

If you are driving at high speeds on smooth roads 
for long distances you may want to increase tire 
pressure to about 30 psi. Contrary to popular opin- 
ion, high speed driving does not automatically in- 
crease tire pressure appreciably. By slightly over- 
inflating, you help the tire withstand “standing 
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wave” which causes the tire to flex excessively, heat 
up, and deteriorate. 

Most new cars have higher inflation pressures rec- 
ommended for front than for rear tires because with 
a three-passenger, normal load about 54% of the 
total weight is in the front and 46% in the rear. If 
you intend to carry extra passengers and luggage in 
the rear you may wish to raise the rear tires about 
2 or 3 psi. 

Truck and bus tire pressure has to be high enough 
to support the vehicle at its heaviest load. However, 
when running empty, pressure should be reduced to 
soften the ride. If a tire has too much pressure for 
the load it’s carrying, the bearing pressure on the 
road is in a very narrow zone down the center of the 
tire. Heat builds up in that zone and the tread may 
separate from the carcass. A lower tire pressure will 
distribute the load over the surface of the tire. 


° 
Are nylon tires better than rayon? 

Nylon cord tires resist bruise breaks and fatigue 
failure better than rayon tires. However, they cost 
more. When inflated they tend to stretch more than 
a comparable rayon tire does. The nylon tire will 
continue to grow slightly larger for the first 10,000 
miles. Asa result, the outside of the tire is subjected 
to strains and groove cracking. Too, a nylon tire 
wears its tread faster than a rayon tire. In the win- 
tertime nylon tires tend to develop flat spots if the 
car stands still for some time. The tire will then 
bump for a few miles until it works itself out. There 
is no permanent damage. 

Nylon tires are slightly noisier than rayon tires. 

Some nylon tires can take more re-caps than 
rayon tires. Under high heat, speed, or loads, the 
heavier tread rayon tire might give trouble, whereas 
the nylon tire may have several re-caps before it 
wears out. 

In truck and bus service, nylon tires probably cost 
less per mile. For off-the-road work, the extra 
strength of the nylon and its greater resistance to 
bruising and rupture is advantageous. 

For passenger cars, very few nylon tires ever blow 
out. A four-ply nylon tire gives better service, softer 
ride, and cooler running than a six-ply rayon tire. 

As long as nylon is comparatively more expensive 
than rayon, there will always be a market for rayon 
tires. 


Should sealants 
be used in tubeless tires? 


Most new cars do not have sealants in the tubeless 
tires because automobile engineers decided that they 
don’t need it. 

The puncture resisting ability of a tire with seal- 
ing material in it is no different than one with- 
out it. The only advantage is if a nail is pulled out, 
the soft sticky sealant may flow into and plug the 
hole, thus making additional repairs unnecessary. 
A disadvantage of a sealant is the added weight and 
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susceptibility to increased heat. Sealants tend to 
drift at high temperatures during fast driving and 
flow toward the crown of the tire. 

Small punctures in the tubeless tire can be re- 
paired easily by stuffing the hole with sealant from 
the outside. Many repairs can be made without re- 
moving the tire from the wheel. If the nail is large 
or the damage extensive, a vulcanized patch on the 
inside may be necessary. 


Can tires be overloaded safely? 


If a normal truck tire is overloaded about 20% it 
will still be fairly safe for normal service. But if 
you intend to drive at high speeds you’d better not 
overload too much. 

The more tires are overloaded, the less life they 
have. Tread wears faster and the carcass becomes 
more susceptible to failure. Of course, it may be 
more economical in some cases to carry a large 
overload on over-inflated tires even though the tire 
wears out a few thousand miles sooner. 

It’s dangerous to overload a heavy tread tire as 
much as you might overload a normal tread tire. 
Probably nylon cord tires can stand more overload 
longer than comparable rayon tires. 

Passenger cars can take about 20% overload with- 
out too much depreciation in tire life if they are run 
at moderate speeds. 


Is dynamic balancing 
really necessary? 


Dynamic balance—or static balance, for that mat- 


ter—is not much of a factor in tire life. Some un- 
scrupulous service companies have made balancing 
a racket. But tire wear is not affected very much 
by lack of balance. 

Of course, if there is excessive shake at high 
speeds, a dynamic balance or static balance may be 
necessary to get rid of it. However, the average 
automobile with modern tires needs nothing more 
than static balancing. 

Most aircraft and truck operators, too, have found 
that dynamic balancing is unnecessary. 

Most passenger car tire manufacturers supply tires 
already balanced within 20 oz-in. For large tires, 
such as truck and aircraft, permissible unbalance 
may be much greater because it is a smaller portion 
of the total mass. Truck tires rarely give trouble 
even at 100 oz-in. unbalance. 


What is ply rating? 

The ply rating of a tire is a measure of what its 
manufacturer says its strength is. The actual num- 
ber of plies on the tire may vary, depending upon 
the cord material which is used. For instance, one 
manufacturer may make a tire with 10 plies of cot- 
ton; another may make a tire equally strong of eight 
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rayon plies; another may make a tire with four plies 
of steel wire. These three tires of equal load-carry- 
ing ability would be rated 10-ply—the rating of the 
equivalent cotton tire. 

Since the number of plies varies with the materi- 
als the plies are made of, the number of cords per 
inch, and other factors, the yardstick for the rating 
is the strength of the conventional cotton cord tire. 

A 12-ply rating tire has a higher load carrying 
ability than a 10-ply rating tire. 

There is no official body which checks a manufac- 
turer’s rating claim. The Tire and Rim Association 
feels a fraudulent claim eventually will be discov- 
ered by the public. 


How are Tire and Rim 
Ratings established? 


The Tire and Rim Association is a trade organiza- 
tion comprised of representatives of tire companies 
and wheel manufacturers. It sets up standards for 
dimensions, loads, and weights so that tires made 
by any company will fit the rims that are made by 
any other company. It also establishes load ratings, 
inflation pressures, and other important factors in 
the servicing of tires. 

These standards are based on the accumulated ex- 
perience of Tire and Rim Association members who 
have access to information obtained in laboratory 
and road tests conducted by member companies. 
The ratings are continually modified to keep pace 
with new designs, materials, and construction. 

The Tire and Rim Association is supported by in- 
dustry. Its only connections with government are 
cooperative technical advisory committees which 
help the government establish. standards. 

Subcommittee task forces are assigned a problem 
to study. They may recommend industry practices 
which are reviewed by a Standards Committee com- 
posed of the four principal tire companies, the three 
large rim and wheel manufacturers, and two smaller 
companies. To establish a Standard requires a 
unanimous approval of the Standards Committee 
and approval by the Association membership as a 
whole. An “experimental practice” can be estab- 
lished by six votes of the nine-man Standards Com- 
mittee. 


How good are steel cord tires? 


Wire cord tires are still too expensive to be adopted 
on a large scale in the United States and Canada. 
Michelin, in France, has been successful because it 
produces its own fine wire. Michelin’s labor costs 
and cost of finished wire are less than half what 
companies here would have to pay. 

Firestone and others on this side of the Atlantic 
are making some wire tires. A four-ply wire tire is 
stronger than a 12-ply rayon or nylon tire. It also 
costs more. One disadvantage is that a wire tire 
has to be run at higher inflation pressures to prevent 
flexing, which causes fatigue failures in the wire. 
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The 


Automotive 
Safety 


Engineer 


—and 
Company 
Policies 


Roy Haeusler, 


N automotive safety engineer in a large automo- 

bile company covers a wide range of activities— 

each related to establishment and carrying out of his 
company’s safety policies. 

He spends considerable time dealing with the en- 
gineering division. But he deals also with public 
relations, sales, advertising, production, and service 
activities of his corporation. 

At Chrysler he’s concerned with all the major ele- 
ments of the Corporation’s established policy re- 
garding automotive safety. Chrysler policy is to: 


1. Continue formulation and development of Cor- 
poration policy on safety of automotive prod- 
ucts; 


Provide all practical safety features that ap- 
pear likely to reduce the driver’s probability of 
having an accident—or to reduce the severity 
of injury should an accident occur; 


Provide additional safety features as soon as 
they can be properly developed and prepared 
for production; 


Work closely with the medical profession, with 
traffic enforcement and motor vehicle adminis- 
tration personnel, with insurance company of- 
ficials, with legislators, and with educational 
and research groups; 


Give careful, sympathetic, and respectful con- 
sideration of all safety suggestions; 


Exchange safety information with other auto- 
mobile and parts manufacturers; 


7. Provide the widest possible circulation of safety 
information that will aid in the establishment 
of good driving practices and good mainte- 
nance practices; 


‘. 
8. Provide aid and support for independent safety 
research programs. 


Continuing formulation and development of 
Chrysler Corporation policy concerning the safety of 
its automotive products is intended to provide an ac- 
ceptable safety policy in the eyes of the outside world, 
a policy that reflects the willingness of the Corpora- 
tion to take whatever practical steps are within its 
power to take, as part of a nation-wide effort to re- 
duce the highway traffic toll. 

It is also intended to result in a clearer under- 
standing and consequently in closer agreement on 
our safety policy on the part of those within the Cor- 
poration, especially those at management levels who 
have responsibility for its execution. 

Chrysler’s policy, so formulated, is to give prime 
attention to the safety factor in all Chrysler Corpo- 
ration automotive design, development, and produc- 
tion and thus to provide the highest degree of trans- 
portation safety possible, consistent with the man- 
ner of usage of our vehicles by the driving public. 
This means giving adequate attention not only to 
such special safety features as safety belts and in- 
strument panel pads, but also to all other compo- 
nents of the vehicle, all the way from the tires to the 
roof. 

We are concerned with such matters as the loca- 
tion of transmission controls. Our new push button 
controls have been located to the left of the steering 
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wheel in order to insure freedom from interference 
by other occupants of the car, particularly children. 
We are concerned with greater vehicle responsive- 
ness. We are equally concerned with the ability to 
decelerate the vehicle. The automotive safety engi- 
neer is concerned with the entire car and with all its 
components, not just with a few safety accessories. 

The second major element is to provide all prac- 
tical safety features that appear likely to reduce the 
driver’s probability of having an accident or to re- 
duce the likelihood or the severity of injury should 
an accident occur. 


True ‘Safety’ Device Increases Net Safety 


By practical safety features we mean those that 
are likely to be accepted, used, and appreciated by 
the driving and riding public. When we consider the 
possibility of offering shoulder harness, for example, 
we must face the fact that shoulder harness is less 
convenient to use than the lap type of seat belt and 
it is only natural that a smaller segment of the pub- 
lic is likely to accept it. 

When we speak of practical safety features we also 
imply that the increase in safety must be a net in- 
crease. In other words, any inconvenience or added 
complexity must be appreciably outweighed by added 
safety. We must be reasonably sure that the items 
proposed as safety features do not add new major 
hazards which outweigh any possible gain in safety. 
For example, governors such as might be used to 
limit car speed might actually be a new source of 
danger since they would interfere with a vehicle’s 
responsiveness at a time when it might be very ur- 
gently needed. The type of restraint called a “crash 
bar” is another example of a type of device that 
could introduce new and serious hazards. Col. John 
2aul Stapp of the U. S. Air Force and others have 
shown through their researches on human tolerance 
to deceleration that it is extremely important that 
the restraint be applied across the proper areas of 
the body and in the proper direction if the restraint 
itself is not to produce serious injuries of its own. 


Chrysler Works Closely with Safety Groups 


Determination to provide additional safety fea- 
tures as soon as they can be properly developed and 
prepared for production is another policy element. 
Safety is too important to wait for model changes. 

Determination to work closely with the medical 
profession, with traffic enforcement and motor vehi- 
cle administration personnel, with insurance com- 
pany officials, with legislators, and with educational 
and research groups, in order to get maximum bene- 
fit from free interchange of experiences and infor- 
mation is also a major element. This means specifi- 
cally: 


@ Participating in meetings of the American Med- 
ical Association and other doctors’ and surgeons’ 
societies, 


@ Attending meetings of the American Association 
of Motor Vehicle Administrators and their com- 
mittees on engineering and inspection, 


@ Entering into formal discussions with insurance 


SEPTEMBER, 1956 


company executives, particularly to discuss pub- 
lic information and educational programs, 


Reading and studying all the various legislative 
proposals appearing currently in the many state 
legislatures now in session, 


Attending legislative committee hearings and 
providing comment and explanation at the pro- 
fessional level, especially regarding the engi- 
neering and production problems that may be 
engendered by the proposed legislation and the 
cost penalty with which the ultimate consumer 
may be faced if such a cost penalty is involved. 


Chrysler safety policy also includes the careful, 
sympathetic, and respectful consideration of all 
safety suggestions of all kinds from the driving pub- 
lic generally and from members of especially inter- 
ested professional groups such as safety engineers 
and from doctors and surgeons. Many of these in- 
volve extremely complicated apparatus and mecha- 
nisms of highly questionable practical value to say 
nothing of the prohibitive cost which would attend 
their production. There are those who tell us the 
engine must be in the rear of the car and others who 
assure us that such a car cannot possibly be as safe 
as the design we now call conventional. Many of 
these suggestions appear over and over again, some- 
times in slightly different form, sometimes in virtu- 
ally the same form as before. Each such suggestion 
is dealt with in a careful and considerate manner 
but only after a prescribed understanding has been 
reached between the Corporation and the person 
making the suggestion. 


In Safety, It’s Cooperation, Not Competition 


A sixth major element of Chrysler’s safety policy 
is the exchange of safety information with other 
automobile and parts manufacturers in order that 
all vehicles may benefit. This exchange of informa- 
tion occurs through the committees of the Society 
of Automotive Engineers, the Automobile Manufac- 
turers Association, and other organizations and is 
also carried on directly. 

A seventh major element of our safety policy is the 
determination to provide the widest possible circula- 
tion of safety information that will aid in the estab- 
lishment of good driving practices and good mainte- 
nance practices. 

The eighth and final element of the safety policy 
is the provision of aid and support for independent 
safety research programs such as the Cornell Uni- 
versity Medical College Automotive Crash Injury Re- 
search Project, and the various projects of the Auto- 
motive Safety Foundation, such as those concerned 
with road planning and building, the further train- 
ing of enforcement officers and the expansion of fa- 
cilities for training the driver training instructors. 
Such support of related automotive safety programs 
simply represents recognition of the fact that these 
programs must all be carried on simultaneously if we 
are to make a maximum effort to reduce the highway 
traffic toll. 

For complete paper (in multilith form) on which 
this abridgment is based, write SAE Special Publi- 
cations. Price: 35¢ to members 60¢ to nonmembers. 
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Fig. 1—The classic labyrinth seal consists of a finned bore which rides 
a close clearance shaft. It is the least efficient of all the positive 
clearance seals and is now useful as a throttling device only where no 
other seals can be made to operate 
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Fig. 2—The lip seal is one of the simplest forms of shaft seal. A re- 
silient material such as leather, rubber, or teflon is held in contact with 
the shaft by a garter spring. These seals can be used with pressures 
up to 5 psi at low surface speeds 


Seals for Aircraft 


There are many types. Choosing the right one 
for the job requires careful consideration of the 
operating conditions to which the seal will be 
subjected. And it will be up to materials re- 
search to supply the even more critical seals 
needed for tomorrow's turbines. 

Sealing Problem 
Sealing problems can be gro 
gories 

1. Problem ociated 

lubrication systems 
Problems of containing or controlling airflow 
within proper channels and preventing exces- 


sive loss of this working fluid 
Problems dealing with sealing accessory drives. 


iped into three cate- 


mainshaft bearing 


with 


Mainshaft Sealing Problems 


Most powerplants use liquid cooled and lubricated 
bearings for mainshaft supports. Seals are used to 
prevent loss of the lubricating fluid. A positive air 
pressure gradient assists in sealing oil in most main- 
Shaft applications. This is achieved by pressurizing 
a cavity between two seals 

Since this air 


pressure is responsive to variations 


in engine operating conditions, the seals may have 
to seal air at rather high pressures. To an engine 
with an airflow of 200 lb per sec, losing 14% air 
through the seals is relatively insignificant. But, 
that much air issuing into the bearing cavities of 
the engine can cause aeration of the sump pumps 
or excessive coking due to oxidation of the oil. A 
secondary effect of oil coking may prevent proper 
performance of the bearing seals. So a main shaft 
oil seal may have a limit on the amount of air leak- 
age permissible as well as a requirement of mini- 
mum oil leakage. 

The primary requirement for zero oil leakage 
which is difficult to obtain in practice under all 
operating conditions, is necessary chiefly because of 
the common practice of using compressor bleed air 
to pressurize or refrigerate aircraft cabins. Any.oil 
leakage into the compressor airflow can cause seri- 
ous cockpit contamination problems due to the for- 
mation of toxic fumes. 

Oil leakage beyond the compressor section is also 
important because of the limited capacity of the oil 
tank. Also, due to coking, the oil flow passages in 
the engine may be restricted. The smoking charac- 
teristics of the engines due to oil combustion may 
also influence the ultimate combat characteristics 
of the airplane by producing (or not producing) a 
tell-tale smoke trail. 

A positive air pressure gradient does not guar- 
antee zero oil leakage. At times one can observe 
low pressure oil leaking into a highly air pressurized 
zone. This phenomenon is an excellent example of 
how important hydrodynamic forces can be at rub- 
bing mating faces. 
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Fig. 3—By using carbon as a rubbing material, rubbing velocities of 300 
tps and air pressure greater than 75 psi are possible with this type of 


shaft riding seal. However, the carbon limits temperatures to about 
700 F. 


STEEL HOUSING 


STEEL BODY 


PIN (TO PREVENT ROTATION) 


Fig. 4—The face seal usually consists of two optically flat sealing faces 
contacting at right angles to the axis of rotation. One member rotates 
with the shaft and the other remains stationary with the housing. The 
stationary member is usually flexibly mounted to permit relative axial 
motion between the shaft and the housing. The spring arrangement 
insures initial contact between the mating faces. 


Gas Turbines 


7: * 

Air Sealing Problems 

Nearly all the dry running air seals in powerplants 
are of the positive clearance or labyrinth type. 
These leak much more than the positive contact 
types. How to handle this leakage, which in the case 
of the rear compressor air seal can represent signifi- 
cant loss, presents many problems. 

Air seals at the entry and exit of each compressor 
insure maximum pressure rise with minimum loss. 
These seals are usually simple devices that consist 
of a single stationary fin projecting inward from the 
stator shroud to form a minimum clearance with the 
compressor wheel. The compressor rear air seal 
must handle the full output of hot compressed gas 
at a large diameter. This is one of the more severe 
sealing problems in the engine. Excessive leakage 
at this point can significantly reduce powerplant 
efficiency 

Usually, most of the compressor rotor thrust is 
taken up by a balancing system using air seals. This 
arrangement offsets most of the axial thrust of the 
rotor reducing thrust bearing loads. 

Positive clearance air seals have found wide appli- 
cation in conjunction with mainshaft oil seals in 
forming a pressurized cavity that yields a positive 
air pressure gradient across the oil seal. 


Accessory Drive Sealing Problems 


Accessory drive seals involve operation with hy- 
draulic fluids, jet fuels, and engine lubricating oils. 
Generally, rubbing speeds are small and do not rep- 
resent a serious problem. But temperatures and 
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pressures are constantly increasing the 
range of available materials. 

Many seals in use today use elastomeric compo- 
nents that do not have the temperature resistance 
necessary for engines of the near future. All-metal- 
lic seals are being considered for these applications. 

High temperatures in accessory devices are caused 
by the higher flight speeds demanded of military 
aircraft. High skin friction and/or stagnation have 
raised temperature levels beyond the capacity of 
many of the engine components. New hydraulic 
fluids and lubricating oils are now being developed 
for operation above 450 F. 

Pumps will probably have to accommodate fuels 
at 500 F. This high temperature is the result of heat 
absorption in the wing tanks from skin friction. 
This high fuel temperature problem is continually 
being aggravated by using the fuel as the heat sink. 
The seal manufacturer is obliged to anticipate the 
requirements of the future and provide seals that 
will operate under these severe conditions. 


beyond 


Types of Seal Designs 
The types of seals that have found application in 
the solution of these problems can be generally 
classified as 
1. Positive clearance or labyrinth seals 
2. Shaft seals 
3. Bore seals 
4. Face seals 
Each of these types has distinct advantages and 
disadavantages which govern selection of design for 
a specific sealing problem. Consideration must be 
given to the following major factors to arrive at the 
best solution to the problem. 
Temperature of operation 
Pressures to be sealed 
Rubbing velocities 
Allowable leakage rate 
End movement to be accommodated 
Assembly procedures and limitations 
Cost 


Positive Clearance Seals 


The labyrinth seal, Fig. 1, consists of a finned bore 


within which rides a close clearance shaft. It is 
the least efficient of all the positive clearance seals. 
But, because it is easy to apply, it has been used for 
most mainshaft engine seals. Because of their su- 
perior efficiency, positive clearance seals have re- 
placed the labyrinth in most current powerplants. 
In fact, the labyrinth seal is now useful as a throt- 
tling device only where no other seals can be made 
to operate. 

Better sealing efficiency is obtained with the shaft 
mounted step labyrinth or the self-grooving laby- 
rinth. These designs add a flow reversal to the ve- 
locity head dissipation at each throttling. While 
the classic labyrinth design requires large clearances 
to compensate for shaft run-out and thermal or 
creep expansions, the self-grooving type permits 
minimum clearances by using shaft mounted knife 
edges which cut into a soft liner to absorb run-out 
and expansions. This is probably the most efficient 
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of all labyrinth versions, and has found wide appli- 
cation in small turbines. 

Mating liners of cadmium, lead, or tin-base bab- 
bits have been used for low temperature applica- 
tions. Higher temperatures require the use of braz- 
ing or soldering materials, aluminum, bronzes, and 
carbons. Problems of mating fin compatibility and 
large axial movements have not yet been completely 
solved, but enough improvements have been made to 
encourage development along these lines. 

Another positive clearance seal, which has in the 
past been used in many steam turbine or packing 
box applications, and now is being considered for 
use in gas turbines, is the floating throttling bush- 
ing. This design features a solid sleeve fitted with 
close clearance over a shaft. Sealing is accom- 
plished by virtue of fluid friction in the small an- 
nulus. 

The minimum clearances which can be main- 
tained are largely functions of heat dissipation and 
lubrication of the particular application. With 
careful attention, a throttling bushing can operate 
successfully with clearances as low as 0.0003 in. 
This results in much less leakage than a simple laby- 
rinth seal. 

Since hydrodynamic lift tends to prevent running 
contact between the shaft and bushing, wear is not 
a serious problem except during starting or stopping 
the shaft and in gas seals where the speed is too 
low to produce sufficient lift. Tests reveal that car- 
bon is an excellent bushing material, since due to its 
nongalling characteristics, it resists wear during the 
periods when hydrodynamic lift is small 

The use of an all-carbon close clearance bushing 
is not practical, however, because the low coefficient 
of thermal expansion of carbon compared to that 
of the steel shaft would cause the two parts to con- 
tact as the temperature increases. This problem is 
avoided by shrinking the carbon into a steel band 
of the same material as the shaft. 

As the ambient temperature increases, the steel 
band expands at the same rate as the shaft, which 
relieves the pre-stressed carbon, allowing it to ex- 
pand at approximately the same rate as the steel. 
In this way, the clearance is maintained at the de- 
signed value throughout the operating temperature 
range. 

The carbon bushing is limited to temperatures of 
about 700 F since the carbon binder breaks down. 
However, with careful selection of new materials and 
dimensions, this limit may be raised appreciably. 
Another important characteristic of this type of seal 
is the relatively low power consumption required for 
floating bushing gas seals; however, with liquids the 
viscosity is high so that the power consumption may 
be large. 

There is almost no set of operating conditions that 
some type of positive clearance seal cannot accom- 
modate. Practically no limits exist with regard to 
peripheral speed since no continuous rubbing need 
occur: in fact, higher velocities improve air sealing 
efficiency. Temperature requirements can be met by 
a large number of materials, since materials com- 
binations are not important except for the self- 
grooving labyrinth or throttling bushing. Thus, this 
seal is often used where leakage is of no immediate 
importance. The inevitable urge of progress insists, 
however, that this type of seal be replaced by the 
more efficient mechanical seal. 


SAE JOURNAL 





Shaft Seals 


A shaft seal is one in which rubbing contact takes 
place between the seal inside diameter and the 
shaft. The lip seal, shown in Fig. 2, is one of the 
simplest shaft seals. Here, a resilient material such 
as leather, rubber, or teflon is held in contact with 
the shaft by a garter or finger spring. 

These seals cannot operate under high pressure, 
but can be used with pressures up to 5 psi at low sur- 
face speeds. The maximum rubbing velocity which 
can be tolerated is about 60 fps. Maximum temper- 
ature is limited to about 350 F. 

A shaft riding seal, using carbon as a rubbing ma- 
terial, has found wide application on main shafts. 
See Fig. 3. With carbon, rubbing velocities upwards 
of 300 fps and air pressures above 75 psi are possible. 
The carbon limits temperatures to about 700 F. 
Several designs are available, but they all consist of 
split or segmented carbon rings in an appropriate 
housing so that gaps are overlapped and urged to- 
ward the shaft by springs. 

This type of seal performs best when pressurized 
with air, and is normally so used. By precise manu- 
facturing techniques and careful attention to circu- 
larity, squareness, and run-out of the mating pieces, 
this seal can be made to operate with acceptable air 
leakages. 

For use with high pressure, grooving or undercut- 
ting is necessary to effect some measure of pressure 
balance and so reduce unit loads on the carbon. In- 
ternal design is critical. With segmented rings, 
careful attention must be paid to methods of mount- 
ing the sealing segments to minimize vibration of 
the individual pieces and to insure that the forces 
at the restraining pins do not interfere with inti- 
mate contact of the individual segments with the 
mating journal. 

An alternate scheme uses split rings which are 
kept in uniform contact with mating members on 
both the face and inside diameter surfaces by the 
pressure forces to which the seal is subjected. This 
type of seal simplifies assembly of engine compo- 
nents and accommodates end movements limited 
only by the length of the mating journal. 

A third variation of shaft seal has had some appli- 
cation in the past for accessories and more recently 
on the mainshaft. This seal uses a split piston ring 
held firmly by a contractor spring against a rotating 
shaft, with which it rotates. Relative motion occurs 
between the side faces of the ring and the seal hous- 
ing. Sometimes, a floating ring of special bearing 
composition is placed between the aforementioned 
ring and its housing to reduce rubbing velocity and 
wear. 

This seal has limitations with regard to shaft 
speeds since centrifugal forces overcome the con- 
tractor spring force at a definite speed and is not 
a positive static seal. When designed for high speed 
service, this seal is difficult to assemble due to the 
high contractor spring forces which must be over- 
come when sliding the seal into position on its jour- 
nal. However, it has the advantages of all metal 
construction, simplified assembly, and unlimited ac- 
commodation of end movement. 


Bore Seals 


The simplest bore seal consists of a single split 
ring riding in a groove on a rotating shaft within a 
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matching bore in the housing. Applications have 
been found for similar schemes using two or three 
rings in a single shaft groove, two rings in separate 
grooves, or split rings flanked on either side by solid 
washers. 

Carbon rings are usually used in conjunction with 
nitrided or chrome plated mating surfaces for high 
speed and high temperature applications because 
the good frictional characteristics of carbon are 
needed. 

Some mainshaft oil seal applications, where low 
pressures are involved, use silver plated steel rings 
running against nitrided surfaces. This design is 
not normally satisfactory when used with a positive 
air pressure gradient of low magnitude. 

For higher air pressures, the area of the ring, 
which is under pressure, is reduced by appropriate 
grooving to improve balance and minimize the fric- 
tion and wear. This type of seal operates with am- 
bient air temperatures up to 700 F, air pressures as 
high as 75 psi, and rubbing velocities up to 200 fps 
with air leakages below 5 lb per hour. To accom- 
plish this, oil cooling is necessary. 

This type of seal has end movement accommoda- 
tion limited only by the length of the bore within 
which it operates. Assembly procedures are not dif- 
ficult, but some difficulty is encountered with break- 
age of the brittle carbon parts. 


Face Seals 


The face seal, Fig. 4, usually consists of two opti- 
cally flat sealing faces contacting at right angles to 
the axis of rotation. One member rotates with the 
shaft and the other remains stationary with the 
housing. One of the members (usually the station- 
ary one) must be flexibly mounted to permit relative 
axial motion between the shaft and the housing. 
And some kind of spring arrangement is usually 
used to insure initial contact between the mating 
faces. But the greatest portion of the mating face 
load is derived from the pressure of the sealed fluid. 

Where high pressures and rubbing speeds are in- 
volved, the mating face forces are adjusted to a 
minimum consistent with good sealing efficiency 
and wear life. This is called “balance.” Perfect 
“balance” is a condition where the seal design is 
such that the fluid forces acting on the seal result 
in zero load at the mating face. The pressure gradi- 
ent across the sealing face is assumed nonexistent. 
By varying the sealing area, which is outside the 
diameter of the balance line (always located at the 
secondary or internal seal), any proportion of the 
sealed pressure can be brought to act at the mating 
face. 

The assumption that no hydraulic forces act on 
the mating face is, however, a definite over-simplifi- 
cation. Experimental evidence indicates that, under 
some conditions, these hydrodynamic forces can be 
quite significant. High mating face fluid pressures 
can cause distortion, with resultant leakage. Nor- 
mal practice is to use a balance factor of 2/3, that 
is 2/3 of the fluid load is balanced. Generally, the 
seal is designed so that the sealed fluid is on the out- 
side diameter of the mating face, to take advantage 
of centrifugal force. 

A subordinate requirement for the pressure and 
the spring forces on the flexible sealing member is 
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to overcome the friction forces within the internal 
sealing device. These forces do not normally cause 
difficulties except with piston rings. 

Under high fluid pressures, high forces can exist 
between the piston rings and their mating walls un- 
less the rings are relieved to reduce their area of 
contact—and this is often done. 

Fretting of the rings within the bore is often en- 
countered and can cause sticking on a self-gener- 
ated basis. Some type of solid lubricant coating can 
minimize this condition. 

At temperatures below 400 F, the use of elasto- 
meric internal seals permits construction of an al- 
most leak-proof seal of high reliability. Fluid pres- 
sure greater than 1000 psi and rubbing velocities 
higher than 200 fps can be handled. But, usefulness 
as mainshaft seals is limited since it is normally not 
reliable as an inside fluid seal. The construction of 
the seal is such that it does not have the necessary 
accommodation for tolerance build-up and end 
movement between the shaft and housing which, in 
modern gas turbines, can exceed 0.50 in. But it is 
widely used on mainshafts adjacent to ball thrust 
bearings where the end movement to be accom- 
modated is small. 

The use of elastomeric internal seals permits the 
construction of an assembly that has a leakage rate 
consistently below % cc per hour even under posi- 
tive oil pressures up to 5 psi. This is advantageous 
at the colder front bearing locations where oil leak- 
age would result in compressor contamination. 
Where temperatures are higher however, the use of 
a metallic internal seal is mandatory and this re- 
quires air pressurization of the seal to minimize 
oil leakage. 


Materials Development and Seal Testing 


Materials which find preference in present prac- 
tice are, in order of performance: chromium plated 
steel, nitrided steel, carburized steel, and cast iron 
—all run against some type of carbon material. 
Limited use has been made of bronzes or silver and 
Silver plated steels in place of carbon. 

Carbon materials are numerous and can only be 
identified by a proprietary grade designation as- 
signed by the manufacturer. The compositions are 
well-kept secrets, but basically consist of various 
percentages of synthetic or natural graphite, pitch 
coke, lampblack or calcined coal, compacted with a 
coal tar pitch binder. 

Particle sizes, compositions, and processing pro- 
cedures strongly influence the performance charac- 
teristics of the material. The carbon raw material 
may be subsequently processed by infiltrating with 
resins to fill the pores or with metals to augment 
surface action and increase strength. 

Some high pressure liquid seals require a zero- 
porosity carbon which is usually achieved by multi- 
ple resin impregnation. Other seals use a more 
porous carbon material which can absorb lubricat- 
ing oil to feed the rubbing surfaces. 

The approximate limitations for these conven- 
tional running combinations are a temperature of 
700 F, and a rubbing velocity of 350 fps, with proper 
lubrication. These limitations, plus the undesirable 
fragility and brittleness of carbon materials, make 
it mandatory to find alternate combinations of ma- 
terials for future use. 
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Developing an oil seal satisfactory for operation 
at temperatures up to 1300 F resolves itself into dis- 
covering a combination of materials which are com- 
patible while operating in a variety of media. In 
this regard the following factors are considered most 
important: 


. Strength (fragility) 

. Porosity 
Lubrication 
Cooling 

. Media to be sealed 

. Cost 


. Temperature 
. Rubbing velocity 
. Face pressure 
. Corrosion resistance 
. Friction 
. Availability 
(low strategic alloy) 


In an attempt to solve this complex problem, The 
Cleveland Graphite Bronze Co. has been engaged 
for a number of years in an evaluation program of 
a wide variety of materials. 

The overall objective is to obtain data and justifi- 
cation for trial in oil seal assemblies installed in 
gas turbine engines. Full-scale tests are extremely 
expensive in engines and it would be prohibitive to 
attempt a materials evaluation program by substi- 
tuting innumerable combinations in a given power- 
plant installation. Therefore, the need for a test 
rig to run materials of a uniform size and simple in 
form, was immediately recognized and resulted in 
the design and fabrication of such a rig. 

This rig is capable of obtaining rubbing velocities 
up to 300 fps with provisions for running the test 
specimens up to approximately 800 F. Testing 
yields data pertaining to behavior of standard ma- 
terials used in the field and allows a comparison of 
new material combinations tested. 

The second phase of this test program involves the 
use of a mainshaft gas turbine seal test rig. Oil seal 
assemblies are evaluated duplicating, as closely as 
possible, the full range of speeds, lubrication, air and 
oil pressures, and temperatures contemplated for 
the engine operation. Promising materials, as de- 
termined by the materials evaluation test rig, are 
tested under these controlled operating conditions 
to establish the endurance and sealing character- 
istics when incorporated in a wide variety of oil seal 
configurations. 

This test rig operates at speeds up to 20,000 rpm, 
rubbing velocities up to 1000 fps, air temperatures as 
high as 1250 F, and air pressures up to 300 psi. Oil 
pressures, temperatures, and methods of introduc- 
tion can be varied widely. Oil seals can also be 
tested with zero lubrication by using an intermedi- 
ate seal between the test rig bearing support hous- 
ing and the oil seal assembly being evaluated. This 
rig is used exclusively for testing gas turbine oil 
seals for shafts of 3.5 in. diameter or larger. 

We have discussed some of the complexities in- 
volved in the development of seals capable of ful- 
filling the requirements of present and contemplated 
gas turbine engines. No material combination is 
evident at present which will be completely satis- 
factory for the extremely high operating tempera- 
tures. Exhaustive materials research and test rig 
and engine evaluations of many new design con- 
cepts will be required before success is definitely as- 
sured. However, it is certain that, with diligent ap- 
plication this problem like so many others of the 
past will be solved, to be supplanted without a doubt 
by another even more complex. 
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The gas turbine era will NOT 
do away with piston rings. 


Transmissions, hydraulic controls, 


and auxiliary power units will provide... 


Piston Rings 


F. A. Robbins, Koppers Co., Inc 


Based on paper ‘‘Recent Developments in Piston Ring Design and Application” presented at SAE 


Baltimore Section, Dec. 8, 1955. 


ONTRARY to what some people think, the advent 
of non-reciprocating engines for automobiles will 
not mean the end of piston rings. Besides stationary 
industrial engines and auxiliary power units which 
will continue to use reciprocating pistons and piston 
rings, there will be more use of piston rings in trans- 
missions, hydraulic controls, compressors, and as 
shaft seals and static seals. 


Same Design Principles 


The same design fundamentals that apply with 
reciprocating motion also apply to the design of 
piston rings for rotary motion or static applications. 
However, there are additional hydraulic and friction 
problems. Special materials must be used to mini- 
mize wear and scuffing. Manufacturing accuracy 
and design tolerances are more stringent. In gen- 
eral, however, the following design requirements 
hold true whether a ring is used with reciprocating 
or rotating motion, or as a static seal: 


1. Rings should contact the cylinder over the entire 
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periphery with “light tightness.” In addition, unit 
pressure over the periphery should be controlled to 
the desired pattern. Four-cycle compression rings 
and all oil rings should have high tip pressure. Two- 
cycle compression rings should have low tip pressure 
to prevent port clipping. 


2. Rings should have proper tension. The ring wall 
and tension must be properly balanced so that the 
ring can be installed on the piston and in the cyl- 
inder without distortion when it is opened and 
closed. Distortion would destroy its contacting pat- 
tern with the cylinder. 


3. Rings should be flat. This is necessary to prevent 
leakage between the ring and the groove. 


4. Rings should be square. The cylinder contacting 
face should contact the ring across its entire width 
(unless the ring is manufactured out of square for 
some specific reason). 


5. Ring end clearances should allow for even ex- 
pansion so ring butting will not occur. However, 
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Basic Piston Ring Designs 


COMPRESSION 


PLAIN 
COMPRESSION 


CHROME 
COMPRESSION 


TAPERED 
FACE 


GROOVED 
BACK 


KOPPERS 
SEAL 


GROOVED 
FACE 


FILLED 
GROOVE 


the clearance should be very small so that leakage 


can be controlled. 


Rings For Modern Piston Engines 
Piston rings in modern reciprocating engines have 
two different purposes: 
1. To seal cylinder pressure from the crankcase. 


2. To control oil flow from the crankcase to the 
combustion chamber. 


The first function should be as absolute as pos- 
sible. The second should be commensurate with the 
lubrication requirements of the pistons and rings. 
Due to the different functions, two different types 
of rings are necessary: compression and oil rings. 

Compression rings are required to operate at high 
temperatures and stresses; withstand impact, abra- 
sion, and corrosion; and maintain low cylinder and 
ring wear under conditions of minimum lubrication. 
Because of these exacting demands and due to dif- 
ferences in engine design and applications, there is 
no best ring for all engines. 

The most commonly used compression ring mate- 
rial is an open grain pearlitic gray iron of uniform 
graphite distribution. For improved strength, im- 
pact, abrasion, and corrosion resistance, low con- 


52 


2-PlECE 
SEALING RING 


3-PIiECE 


COMPRESSOR 


LUGGED 
OUTER SEAL 


RADIAL 
STeP 


KEYSTONE 


BRONZE-IRON 
RESTRAINED 


OIL CONTROL 


SPECIAL 
BEVEL AND GROOVE 


SCRAPER 
DRAIN 


WIDE 


GROOVED 
OILCUTTER 


CONFORMABLE 
WIDE CHANNEL 


CONFORMABLE 
GROOVED 
OILCUTTER 


CONFORMABLE 
SCRAPER DRAIN 


centrations of alloying elements, such as nickel, 
copper, molybdenum, vanadium, chromium, or phos- 
phorus may be specified. The metallurgical struc- 
ture will depend on the method of casting (individ- 
ual, static pot, or centrifugally pot). The structure 
will also depend on the cross-section size of the 
casting; therefore, composition must be varied to 
suit. 

Centrifugally cast malleable iron is used when 
higher strength and impact resistance than can be 
obtained with gray iron is required. This material 
is usually chrome plated due to its limited scuff re- 
sistance. Steel may be used for higher strength but 
is always chrome plated, because it will scuff if run 
unplated. 

Cylinder and ring wear may be improved by appli- 
cation of chromium plate to the OD of the ring. The 
improvement will vary from 50% to 500% depending 
on the application. 

Either the plain or chrome plated ring may have 
the face surface interrupted by grooves, or may have 
a coarse thread finish, to add scuff resistance. They 
also may have the face tapered. Taper face rings 
are usually applied to the lower compression ring 
grooves with the scraping edge down. The edge 
bearing results in rapid seating, and also contributes 
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to oil control by virtue of the scraping action on the 
down stroke. A similar, though less positive effect, 
is accomplished by removing metal from the upper 
inside corner of the ring. This causes a twist in the 
ring when stressed on installation, causing bottom 
edge bearing. 

The scuff and wear resistance of the plain com- 
pression ring can be improved by application of a 
bronze insert in the bearing face. Non-metallic in- 
sert filling is also of benefit under certain operating 
conditions. 

Under some operating conditions, particularly 
with worn cylinders, it is desirable to use seal joint 
rings to prevent blowby and oil contamination. For 
nominal wear, a step seal ring can be used. For 
heavy wear, it is necessary to use a two-piece ring 
of the lugged outer seal type. Some engine builders 
are now specifying step seal rings in new engines to 
maintain blowby control with ring and cylinder 
wear. 

Oil control rings operate under much less severe 
conditions than compression rings. They are better 
lubricated and subject to lower stresses and tem- 
peratures. They are less critical of material and all 
compression ring materials, including unplated steel, 
are successfully used. All are designed to scrape oil 
from the cylinder wall into the crankcase. The de- 
sign requirements depend on the amount of oil 
which must be removed. Experience indicates basic 
engine design factors controlling ring design include 


Trends in Piston Ring Arrangement 


There are marked trends in piston ring arrangement for modern 


engines: 


@ The number of rings is being decreased. 
with more than four compression rings. 
with more than three. No more than two oil rings are used. 


Ring locations are changing. 
that it remains cooler. 
above the piston pin to prevent piston skirt scuffing and wear. 


No advantage in blowby occurs 
There is virtually no advantage 


oil thrown on the cylinder wall by rod and crank- 
shaft, amount of cooling oil deposited on the cylin- 
der wall, fit of the piston, sharpness of piston bot- 
tom edge, and cylinder bore distortion in operation. 

The efficiency with which oil rings perform their 
function is due to three things: (1) the pressure 
against the cylinder surface; (2) the shape of the 
scraping edge; (3) the provision for oil removal or 
drainage. It is fundamental that sufficient drainage 
be allowed. Unit pressure and shape may be inter- 
related in oil ring design, and unit pressure of suffi- 
cient magnitude may eliminate need for shearing 
action or vice-versa. A controlled angle in the top 
side of the scraping edge may permit the ring to ride 
over the oil film on the up-stroke. 

Unit pressure may be increased over that which 
can be created by tension in the ring by an expander. 
The most popular ring of this type being used in 
many current engines and replacement sets is the 
“conformable” ring. This ring obtains its high unit 
pressure from a coil spring compressed during in- 
stallation in a groove in the ring ID. The wall of the 
conformable ring is kept thin so the action of the 
expander will keep the ring uniformly contacting 
the cylinder following the contour of worn or dis- 
torted bores. Too, unit pressure and, therefore, oil 
control is virtually unaffected by wear. 

For complete paper on which this abridgment is 
based, write SAE Special Publications Department. 
Price: 35¢ to members, 60¢ to nonmembers. 


4-CYCLE ENGINE 


>-STEP SEAL 
CHROME PLATED 
COMPRESSION 


TAPER FACE 
COMPRESSION 


CONFORMABLE 
OIL. RING 


2-CYCLE ENGINE 


Top ring is located lower on the piston so 
Oil rings on four-cycle engines are being located 


CHROME 
PLATED 
COMPRESSION 


Chromium plated rings increase top ring life and reduce cylinder wear. 
Several small bore engines have all rings plated sufficiently thick to last 
the life of the engine. 


TAPERED 
FACE 


Bottom edge bearing rings are being used in the lower compression ring 
grooves. 


Seal joint rings are being used to improve combustion efficiency and re- 
duce oil and ring belt contamination. 


Oil rings with high unit pressures are using conformable type expanders. 


Pistons are being fitted for minimum skirt clearance. The bottom edge of 
the piston is kept sharp for scraping. Cam-shaped pistons allow for dyna- 
mic loading. 


@ Ring land radial clearance is being increased to provide sufficient oil 


drainage. 
CONFORMABLE 


OIL RING 
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Increasing 


ARS of the future will have to be designed to burn 

fuels of ever-higher sensitivity. Reason: Each 
time fuel octane number must be increased to take 
care of higher compression ratios, there is an in- 
crease in fuel sensitivity—at least with today’s re- 
fining processes. 

Fortunately, engine designers have been aware of 
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Fig. 1—Speed for maximum octane requirement. Note that for the cars 
of later model there is a definite shift upward in the speed at which 
maximum octane requirement occurs. 


Fuel Sensitivity 


this increasing sensitivity and have been combating 
it by designing engines of greater mildness—with 
more “mechanical octane numbers” built in them. 

Modifications already helping modern engines to 
utilize better the anti-knock quality of these sensi- 
tive fuels include: 


1. Water jacketing redesigned to minimize engine 
hot spots. 


2. Carburetors redesigned to induce a greater 
weight of fuel and air per cubic inch of cylinder dis- 
placement. 


3. Mufflers redesigned to decrease back pressure 
in the exhaust system, which, in turn, reduces dilu- 
tion of the fuel-air mixture with exhaust gas in the 
cylinder. 


In addition, these changes have resulted in lower 
temperatures of gases at the end of the compression 
stroke. 

As a result, today’s engines have reached the point 
where they rate commercial fuels very close to the 
F-1 (Research) octane number, as compared with 
cars of 20-25 years ago, which rated fuels at the F-2 
(Motor) octane number. 

This improved mildness is going to have to keep 
pace with the increased fuel sensitivity predicted for 
the future. 

In designing these ever-milder engines, automo- 
bile engineers will also have to take into considera- 
tion two facts: 


which has 
This means 


1. Increased breathing efficiency, 
raised power output for a given engine. 
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Challenges Engine Designers 


A. P. Boyd and P. C. White, / 


C. J. Domke, stan: 


higher combustion-chamber temperatures, which 


tend to make the engine less mild. 


2. Increased use of automatic transmissions of 
the torque-converter type. These prevent engine 
loading at low engine speeds, and thus shift the 
speed of maximum octane-number requirement 
from low to high speeds. 


The shift in engine loading or in maximum octane 
requirement is illustrated in Fig. 1. In 1951 and 
earlier model cars, 58% of the cars had maximum 
octane requirements at less than 1200 rpm. The 
1953 CRC octane requirement survey indicated that 
this percentage had dropped to 37% of the cars hav- 
ing maximum octane requirements at less than 1200 
rpm. 

The maximum octane requirements and the oc- 
tane requirements at 2500 rpm for postwar passen- 
ger cars are shown in Fig. 2. It will be noted that 
the gap between the maximum octane requirement 
and the requirement at 2500 rpm is gradually clos- 
ing. This decrease in the spread between the maxi- 
mum and the 2500-rpm requirements is largely due 
to the adoption of automatic transmissions of the 
torque-converter type, which raise the speed of 
maximum octane requirement. 

The need for further research on this problem is 
clearly indicated. Otherwise, gasolines of very high 
Research octane levels will be handicapped if en- 
gines have their limiting octane requirements in the 
high-speed range, where sensitive fuels are penal- 
ized. 

For complete paper (in multilith form) on which 
this abridgment is based, write SAE Special Publica- 
tions. Price: 35¢ to members, 60¢ to nonmembers. 
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Fig. 2—Maximum octane requirements and octane requirements at 2500 
rpm for postwar cars. Note gap between maximum octane requirement 
and 2500-rpm octane requirement is gradually closing. (Data have been 
weighted in accordance with national automobile registrations.) 
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Failures like these... 


Typical cage cracking and dis- 
integration on two turbojet ac- 
cessory drive ball bearings 


. . - can be prevented, if you know... 


How To Choose Anti- 


N ideal material for high speed antifriction bear- 

ings would have enough alloys in it to produce 
the required hardness at high operating tempera- 
tures, but with no excess alloy or carbon which 
would make grinding and machining difficult. It 
would be free from inclusions, have a high temper- 
ing temperature, and good dimensional stability. 
Such a material has not yet been developed; how- 
ever, these ideal qualities can be used as a guide in 
choosing available materials for use as bearing in 
aircraft powerplants. Here are six questions to be 
answered when considering a specific material: 


1. Is it clean? 


Non-metallic inclusions in steel used for bearings 
may be a major cause of fatigue failure. If the 
steel is melted in a vacuum, the amount of inclusions 
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can be reduced, producing a longer lasting bearing. 
Too, bearing life can be more accurately predicted, 
due to greater control of the type and amount of 
inclusion content. 

Generally, inclusions lower bearing life by raising 
stresses that promote flaking fatigue or spalling in 
the bearing races and rolling elements. It is be- 
lieved that most spall failures nucleate about inclu- 
sions that are 0.010 to 0.040 in. below the raceway 
surface and up to 0.070 in. below the surface on 
heavily loaded bearings. The fatigue cracks pro- 
gress to the surface of the bearing, after which flak- 
ing of the raceway or rolling surface occurs. The 
non-metallic inclusions located below a depth of 
0.015 in., or in an unfavorable position, are difficult 
to detect with current inspection techniques. It ap- 
pears that non-deformable alumina and silicate in- 
clusions in steel are the greatest cause of fatigue 
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Spalled ball from turbo- 
jet thrust bearing 


Fatigue spalling of a turbojet 

main shaft thrust bearing 

nucleated by a large non- 
metallic inclusion 


John Preston, Jerome Mogul, George Floroff 


r For reraf > ant 
d ! r we 4 2 


Closeup of spalled roller from turbojet bearing 


riction Bearing Materials 


failures. The deformable sulfide inclusions do not 
apparently seriously affect bearing life. 

A higher fatigue strength can be obtained in a low 
alloy steel bearing when the steel is melted in a 
vacuum than by conventional air melting. It is pro- 
posed that vacuum melted bearing steels have an 
inclusion rating not greater than 1.5 based on the 
thin series according to ASTM standards. (As vac- 
uum melting techniques are improved it may be pos- 
sible to lower the inclusion rating to less than 0.5.) 


2. Is it hard? 


Hot hardness—the ability of a material to main- 
tain its hardness after long use at high operating 
temperatures—is the criteria which is often used to 
help choose a material for races and balls or rollers. 
It is believed that bearing steel should be able to 
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maintain a hardness of 60 R,. This seems to indi- 
cate that up to 350 F, SAE 52100 and MHT must be 
used. Up to 450 F, HALMO and M-1 must be used. 


3. What is its tempering 
temperature? 


If, during operation, a bearing exceeds its temper- 
ing temperature, it will soften, lose its load carrying 
ability, and soon fail. A chief advantage of bearings 
produces from HALMO and M-1 is that they are 
tempered above the operating limit of 450 F. In 
contrast, the SAE 52100 bearings are tempered at 
approximately the maximum operating tempera- 
ture, which makes them susceptible to over-tem- 
pering. 


A major consideration in the use of vacuum 
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More Data Needed 


Pees data are available on the 
properties of steels now used for bear- 
ings. There is still much to do before anti- 
friction high temperature bearing materi- 
als will be considered adequate. Here are 
suggested areas which need development: 


* What effect heat-treatment has on bear- 
ing performance. 

* More data on vacuum melted steels and 
further development to get more uni- 
form steels. 


* Whether it’s better to use forgings or 
tubes for bearing races. 


Better lubricating oils for aircraft pow- 
erplants. The maximum operating 
temperature of a turbojet bearing is 
now limited by the oil and not the ma- 
terial. 


Evaluation of the effect of surface 
finish, misalignment in two-row thrust 
bearings, and other manufacturing 
variables on performance. 


Evaluation of new materials for bear- 
ing races, rollers or balls, and cages. 


Further investigation on how sub-zero 
cooling tends to improve bearing life. 


What effect residual elements, such as 
nickel and molybdenum, in SAE 52100 


have on bearing performance. 

Revise method of rating vacuum 
melted steels for inclusions. Inclusion 
charts must be brought up to date. 


* Find a satisfactory method of testing 
balls for inclusions. 


45 100 200. 300 400 500 600 
TEMPERATURE -°F. 


Effect of temperature on the coefficient of expansion of materials con- 
sidered for races and balls or rollers of a bearing 


COEFFICIENT OF EXPANSION-IN./IN./°F x 107 
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melted material has been the response to heat- 
treatment. So far, none of the vacuum melted 
bearing steels seems to respond differently to heat- 
treatment from its equivalent air-melted alloy. 
This is probably due to the comparatively high car- 
bon content in these steels. 


4. Does it have dimensional 
stability? 


The frictional properties of a high temperature 
bearing are affected by how much its components 
expand. M-1 has the lowest coefficient of expansion 
of currently used bearing steels. SAE 52100 has the 
largest. A low coefficient of expansion is necessary 
where different materials are used together for 
tight fits at varying temperatures. High tempera- 
ture bearings should have the cage, ball, and race 
made of materials that have similar coefficients of 
expansion. 

The combination of HALMO rollers and cast “S” 
Monel cage should produce a satisfactory bearing 
capable of operating at temperatures up to 600 F. 
Besides a low coefficient of expansion, cast “S” 
Monel is resistant to galling or seizing where rolling 
or sliding motion occurs. The combination of cast 
and wrought material seems to be best for high tem- 
perature bearings. 

To prevent volume change due to a delayed trans- 
formation from austenite to martensite, the amount 
of retained austenite should be minimized during 
heat-treatment. 

Another consideration is to select a material that 
has a uniform modulus of elasticity that is not af- 
fected by processing variables. 


5. Is it easy to work? 


Machinability and grindability are other consider- 


ations in selecting materials for bearings. The eas- 
iest material to process is SAE 52100. HALMO is 
next more difficult to grind, and this is followed by 
18-4-1 and M-1l. The two latter materials have 
similar “het hardness” but M-1 has a lower alloy 
content. The excessive alloy content of 18-4-1 out- 
weighs its ease of grinding compared with M-l. 
Therefore, the two most promising materials for 
bearings to withstand temperatures up to 600 F are 
HALMO and M-1. 


6. Is it compatible with existing 
lubricants? 


Antifriction bearings are as dependent on the se- 
lection of a suitable lubricant as upon materials. 
Ineffective lubrication may cause the rolling ele- 
ments in the cage pockets and on the races to seize. 
The cage material may be smeared on the races and 
rolling elements. The cage may crack across the 
ball or roller pockets. Ineffective lubricant may 
cause race temperatures to rise and cause a phase 
transformation of the metal on and under the sur- 
face of the raceways. The temperature rise may 
cause thermal discoloration and softening of the 
hardened parts. The loss of effective lubrication has 
been attributed to the use of lubricants which de- 
teriorate or have insufficient viscosity and film 
strength at the operating temperature of the bear- 
ing. 
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Effect of temperature on the hot hardness of typical materials for the 
races and balls or rollers of bearings 


The flash point of the oil determines the maxi- 
mum safe operating temperature. Synthetic base 
lubricants must be able to maintain their lubricating 
qualities from -—65 to 450 F. Besides lubricating, 
these oils must also act as a heat exchange medium 
to dissipate the heat generated due to friction. 

A few lubricants, such as MIL-L-7808, are capable 
of meeting these requirements, but they tend to 
coke at the higher temperature. No other lubricant 
is commercially available for higher operating tem- 
peratures if it must also lubricate at the lower 
temperature. 

For complete paper (in multilith form) on which 
this abridgment is based write SAE Special Publica- 
tions. Price: 35¢ to members, 60¢ to nonmembers. 
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Discussion 
G.N. Ziegler 


Nickel alloys appear advanta- 
geous for bearings at temperatures 
up to 1000 F because of the effects 
of a film of nickel oxide. 

Too, cast “S” Monel in the an- 
nealed and age-hardened condi- 
tion has the desirable character- 
istics of retaining its hardness at 
high temperatures, its low coeffi- 
cient of expansion, and its resist- 
ance to galling in sliding motion. 
Short-time data indicate almost 
no change in hardness up to 800 F, 
and only a small decrease at 1000 
F. Since the aging temperature 
of 1100 F is well above the 450 to 
600 F operating temperatures, lit- 
tle, if any, metallurgical change 
should take place due to thermal 
effects during operation. 

A comparatively new alloy, cast 
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“S” Inconel, also shows promise. 
It has a low coefficient of expan- 
sion and hardness similar to “S” 
Monel. In Amsler wear tests in- 
volving cyclic increases in bearing 
stresses, average diameter loss of 
“S” Inconel due to wear was less 
than 0.001 in. at 65,000 psi under 
conditions which produced a 0.001 
in. diameter loss of “S’” Monel 
after stress had reached only 
40,000 psi. 


E. E. Hall 
Universal-Cyclens Stee! Caro 


We too have recognized the in- 
adequacy of the ASTM J-K chart, 
and are well on our way to produc- 
ing pictures representing 114, 1%, 
and 134 standards for use with 
vacuum melted steels. We hope 
to present these soon and, if there 
is general agreement, we would 
hope that ASTM adopts them. 


J. F. Kahles 


Metcut Research A 


ociates 


Application of vacuum melted 
steels will generally provide 
greater margins of safety. How- 
ever, more know-how and more 
data are necessary to take engi- 
neering design advantage of the 
higher fatigue strengths. There 
is a positive trend toward provid- 
ing higher fatigue strength in vac- 
uum melted alloys, but statistical 
analyses also show greater stand- 
ard deviations. These deviations 
appear to be caused by a few 
large inclusions located in highly 
stressed areas in what generally is 
very clean steel. Indications are 
that it will take several years of 
intensive effort to develop vacuum 
melted steels to where they will 
provide properties sufficiently con- 
sistent to use their full potential. 
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Test Oils 


All 10 test oils were 10W-30 grade, made 
from the same _ solvent-extracted, Mid- 
Continent base oils of low carbon residue, 
to which a methacrylate-type V.I. improver 
was added. Viscosities of the finished oils 
were held between 65 and 66 SUS at 210 F, 
and viscosity index ranged between 137 and 
140. Finished oils were classified as shown 
in Table 1 for type differentiation and 
identification. 


In order best to describe the oils used in 
this test, they have been identified under 
the API Service Classification wherever 
possible. Some oils did not conform to the 
popular usage of the API Service Classifica- 
tion, and so liberties have been taken with 
the system to describe these oils. They are 
identified as “MS-LD,” meaning “Motor- 
Severe Low Duty.” The need for some such 
service designation may become necessary 
if severe low-duty oils are gradually ac- 
cepted. 


It might be well to state also that oils 
blended for this program were “type” oils 
only and not “production” oils of any kind 
or designation. However, only commer- 
cially used additives were employed. 


Table 1—Test Oils Used in 50,000-Mile 
Severe Low-Duty Field Test 


API 
Service 
Classi- 
fication 


ML Base Oil 
MM Inhibitor F 
MM Inhibitor G 
MS-DG Inhibitor F— 
detergent H 
Inhibitor- 
detergent J 
Inhibitor G— 
dispersant K 
Inhibitor G— 
dispersant K 
—detergent L 
Inhibitor G— 
dispersant 2 K 
Inhibitor- 
detergent M 
Inhibitor- 
detergent N 


Identifi- 
cation 
Letter 


Additive Content 
Identification 


MS-DG 
“MS-LD” 


“MS-LD” 


Sennen 
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He 
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Oil Performance 


10 oils of IOW-30 grade were tested. All 
came from solvent-extracted, Mid-Conti- 
nent base oils of low carbon residue—to 
which a methacrylate-type V. |. improver 
was added... . Here's what the researchers 


see in the results. 


PECIFIC differences were found between engines 

equipped with hydraulic valve lifters and those 
equipped with mechanical lifters with respect to 
several performance factors in a series of 50,000- 
mile low-duty service tests on motor oils. 

The existence of these differences was one of eight 
specific conclusions to be drawn from this attempt to 
evaluate the performance of a Mid-Continent sol- 
vent-extracted base oil when treated with various 
types and concentrations of motor oil additives. 
(The test oils are described in Table 1.) 

The differences between the hydraulic-valved en- 
gines and those with mechanical valves were as fol- 
lows: 


a. In general, the engines equipped with hydraulic 
valve lifters had considerably less lifter pitting 
and cam lobe wear than the mechanical. 

. With eight out of ten oils, the heaviest intake 
valve tulip deposits occurred in the engines 
equipped with hydraulic lifters. 

. With nine out of ten oils the best gasoline mile- 
age was obtained with the cams equipped with 
hydraulic lifters. 

. Oil consumption was the lowest with the hy- 
draulic lifter-equipped engine with nine out of 
ten oils. 

. In eight cases out of ten the highest used oil 
viscosities, as drained, were found with the oils 
from the hydraulic valve lifter engines. 

Other conclusions to be drawn from the study, in- 
clude those on sludge prevention, field varnish rat- 
ings, oil ring plugging, oil screen plugging, bore and 
ring wear, and valve train wear shown on following 
pages. 
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R. H. Albrecht and R. |. Potter, 


Kent Hyatt, : 


Facts Newly Evaluated 


Sludge Prevention 
The oils varied widely in their ability to prevent 
sludging under severe low-duty operation. 


engines. 


. “MS-LD” oils gave superior cleanliness. 


Data On Engines Equip- 
ped With Hydraulic Vaive 
Lifters Are To The Right 
For Each Oil 





OVERALL SLUDGE RATING (50=CLEAN) 
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Service 
classification ML and MM oils gave extremely dirty 
MS-DG oils gave only small improvement. 
DS oils gave moderately clean engines in service. 


Hydraulic Valve Lifter 
Engines To The Right For 
Each Oil. 
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Field Varnish Ratings 


Differences in field varnish ratings were small... 
but, generally, higher additive concentrations gave 
somewhat less deposits. 





Oil Ring Plugging 

Oil ring plugging was generally erratic. The vari- 
ation between oil types was not as great as might 
have been expected. The most consistent group 
performance with the least plugging was found with 
the “MS-LD” (D,, D,, D,) oils. 


a Rings Changed 
During Test in 
3 Engines 


Hydraulic Lifter 
Engines on Right 
For Each Oil 





OIL RING SLOT PLUGGING—% (0O=CLEAN) 








Bore and Ring Wear 


The differences between oils with regard to cylin- 


der-bore wear were surprisingly small. With the ex- 
ception of oil B, (MM), the same is true with regard 
to piston-ring wear. 


Hydraulic Lifter 
Engines On Right 


4 Rings Changed 
In 3 Engines 








CYLINDER BORE DIAMETER INCREASE—.OO! INCH 


Oil Screen Plugging 


Large differences were found in the performance 
of the several oil types with regard to oil screen 
plugging. The “MS-LD” (D,, D., D,) and DS (E,, E.) 
oils were markedly superior in this respect to the 
ML, MM, and MS-DG oils (A, B,, C,, C.). 


Hydraulic Lifter 
Engines on Right 
For Each Oil 
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Valve Train Wear 


Valve lifter pitting and cam lobe wear were con- 
sistently low with “MS-LD” oils, D, and D, in the 
engines equipped with mechanical lifters. In those 
with hydraulic lifters, all the additive combinations 
except those in oils B, (MM), C, (MS-DG), and D, 
(“MS-LD’”’) gave good performance with respect to 
valve lifter pitting and the corresponding cam lobe 
wear. 


* Hydraulic Lifter 
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* Hydraulic Lifter Engines 
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These same 10 oils have also been evaluated in 
duplicate FL-2 and modified EX-3 tests. 

Good correlation existed between the FL-2 tests 
and the field with regard to sludge, total appearance 
rating, and FL-2 piston varnish versus field sludge. 

Good correlation existed in the modified EX-3 test 
in regard to engine sludging, total appearance rat- 
ing, and fair correlation on the oil screen plugging. 

The modified EX-3 test was more sensitive to oil 
sludging differences as measured in the field than 
was the FL-2 test. 

It was found both helpful and necessary to modify 
the API Service Classifications as popularly used 
in order to differentiate between MS-DG and 
“MS-LD” oils. 


For complete paper (in multilith form) on which 
this abridgment is based, write SAE Special Publi- 
cations. Price: 35¢ to members; 60¢ to nonmembers. 





Gasifiers suffer same ailments 


and respond to same treatments 


as high output diesels, GM finds in... 


25,000 Hours of Free 


URING the past few years we have learned most 
of the facts and foibles of free piston engines. 
We are convinced of their many real advantages, 
and we are cognizant of their problems and limita- 
tions. 
Our knowledge comes from 25,000 hr of free piston 
engine operation accumulated on: 


The Muntz P-42 Air Compressor 
The SIGMA P-13 Air Compressor 
The SIGMA GS-34 Gasifier 
. The GM-14 Gasifier 
5. The GMR 4-4 (Hyprex) Gasifier 


When we first became interested in free piston en- 
gines we entered into a working agreement with two 


FIG. I—ORIGINAL RINGS on P-42 free piston air compressor scuffed badly. 


facturer to heavy-duty lubricant. And other rings were substituted. 
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foreign firms then engaged in the development of 
this type of engine. There was, at this time, very 
little commercial application of free piston engines. 
Although some experimental gasifiers had been in- 
stalled in minesweepers of the French Navy and free 
piston air compressors of the types mentioned above 
were available for sale in Europe, very little was 
known about their performance, life, or desirability 
over more conventional diesel engines. 

In order to obtain complete information it was 
necessary to purchase some representative engines 
and run evaluation tests. This, of course, is what 
was done—and more recently General Motors has 
been running two new gasifiers, namely the GM-14 
and the GMR 4-4 (Hyprex) engine. 


So lubricant was changed from straight mineral oil specified by manu- 
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Piston Engine 


Operation 


Gregory Flynn, Jr., 


As is the case with any high output engine—and a 
free piston engine is merely a highly supercharged 
diesel engine—there are many problems to over- 
come. Early in our investigations there were several 
serious problems. During the subsequent develop- 
ment work and the design and development pro- 
grams of the last two engines, we have been able to 
eliminate or alleviate all of the major troubles en- 
countered during the preliminary investigation. 

Both the P-42 and P-13 air compressors, as origi- 
nally received, were fairly satisfactory machines. 
They would start readily and run at various loads 
for several hundred hours. The main difficulties 
were piston ring scuffing and breakage, cylinder 
scoring, and lubricating oil deposits. Fig. 1 shows 


FIG. 2—GROOVED AND FERROX FILLED RINGS made of cast iron according to American practice performed very much better. 
scuffing and scoring altogether and greatly reduced ring and cylinder wear. 
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the piston rings removed from a P-42 compressor 
after operation at various loads. The lubricant used 
was straight mineral oil, as specified by the manu- 
facturer. The first tests run, immediately pointed to 
the use of a modern heavy-duty lubricating oil to 
reduce deposits and ring scuffing. The rings them- 
selves seemed to need more than just a change in oil 
to be satisfactory. 

Further test work was done using cast iron grooved 
and ferrox filled piston rings of American manufac- 
ture and a popular heavy-duty diesel engine lubri- 
cating oil. These two basic changes resulted in a 
marked improvement in performance, as can be 
seen in Fig. 2 a photograph of the rings removed 
after 550 hr of running. Scuffing and scoring were 


They eliminated 
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FIG. 3—SIGMA'S GS-34 operates on opposed piston uniflow two-stroke-cycle diesel principle. 
On inward stroke, air is compressed through delivery valves into air box around power cylinder. 


valves into compressor cylinder. 


stroke, this air scavenges exhaust gases from a collector around the exhaust ports 


turned to inner dead point by compressed air in bounce chambers. 


completely eliminated, and the ring and cylinder 
wear was greatly reduced. 

Since these and various other modifications, per- 
formance tests and several thousand hours of en- 
durance tests have been run with completely satis- 
factory results. Free piston air compressors are 
currently very satisfactory commercial machines. 
However, most of the interest in free piston engines 
lies in the field of prime movers, which requires the 
use of a free piston gas generator or “‘gasifier” and a 
gas turbine. 


Gasifiers 
A cross-section of a typical free piston gasifier is 


shown in Fig. 3. This is the Model GS-34 of the 
French firm Societe Industrielle Générale de Meca- 
nique Appliquée (SIGMA) as it was three years ago. 
The engine was rated at 1000 gas hp. (This figure, 
of course, is reduced by the efficiency of the turbine, 
so that the brake horsepower on the shaft depends 
upon the turbine efficiency. For the sake of simplic- 
ity, however, we usually refer to free piston gasifier 
output in terms of “gas” horsepower.) 

The engine is a simple machine. It does have, of 
course, all the attendant oil pumps and injection 
equipment that any diesel engine requires. Other 
than that, however, the main moving parts are 
merely the two piston assemblies and the connection 
linkage. The pistons operate in a water cooled cast 
iron cylinder. Each of the cylinders, namely the 
scavenge and exhaust cylinders, is bolted to a forged 
steel center section which carries most of the stress 
at the high pressure part of the firing cycle. The 
pistons are steel, and oil cooled as is our practice in 
high output diesel engines. The pistons operate on 
the cylinder surface with cast copper-lead bronze 
wear bands, which actually are the bearing surface. 
The power pistons are directly bolted to the large 
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On outward stroke, air is drawn in through inlet 
On next outward 


Scavenge air and exhaust are ducted to turbine. Pistons are re- 


steel compressor pistons. Here again the piston 
bearing surfaces are cast bronze wear bands im- 
bedded in the OD of the piston. The compressor 
cylinders are cast iron. 

The engine operates on the well known opposed 
piston uniflow two-stroke-cycle diesel principle. On 
the outward stroke of the pistons air is drawn in 
through the inlet valves into the compressor cyl- 
inder. On the inward stroke of the piston air is 
compressed through the delivery valves into the air 
box around the power cylinder. On the next out- 
ward stroke, this is the air that is used for scaveng- 
ing the exhaust gases which are collected in a collec- 
tor around the exhaust ports and conducted through 
a pipe to the turbine where shaft horsepower is ex- 
tracted. The pistons are returned to the inner dead 
point—you will note that we refer to dead points 
rather than dead centers, since they are constantly 
variable in a free piston engine—by the compressed 
air in the dead spaces. These spaces are usually re- 
ferred to as the “cushion” or “bounce” chambers at 
the extremities of the machine. 

As the pistons move outward they compress air in 
these dead spaces. This is the air that is used to re- 
turn the pistons to the inner dead point. All the 
energy in the firing charge is absorbed by compress- 
ing air in the bounce cylinders. The speed of the en- 
gine depends upon the masses of the reciprocating 
pistons, as well as the stiffness of the air springs 
upon which they act. The two springs are the 
bounce cylinder pressure and the compression pres- 
sure in the power cylinder. Varying either of these 
three variables will change the speed of the engine. 

Since the piston mass is of necessity constant, in 
order to control the engine and power output it is 
necessary to vary the stiffness of the air springs in 
the two spaces referred to. This is the function of 
the stabilizer or the governor. At times it can take 


SAE JOURNAL 





air from the engine case and feed it into the bounce 
cylinders, thus stiffening the spring in the bounce 
space and increasing the stroke and speed of the en- 
gine. At other times, if desired, the stabilizer will 
bleed air from the bounce cylinders into the air box 
where it is consumed in the combustion process— 
thus softening the spring or return force on the pis- 
tons, shortening the stroke, and slowing down the 
speed of the engine. 

Our initial test work revealed that free piston en- 
gines are essentially efficient machines. The ther- 
mal efficiency of the GS-34 gasifier, for instance, is 
4314%. (Here again reference is made to gas effi- 
ciency.) Our test work further revealed that the 
free piston engine is essentially insensitive to fuel 
quality. It seems that these engines do not care 
whether they get fuel with high or low octane or 
cetane numbers. We have successfully run one free 
piston engine on a range of fuels varying from 100 
octane gasoline, through the gasoline range, Kero- 
sene, diesel fuel, bunker C, and crude oil. In addi- 
tion, we have run it on animal and vegetable oils 
such as whale oil, cotton seed, and peanut oil. The 
only noticeable effect on engine output under these 
test conditions is the power output which varies di- 
rectly as the content of the fuel being used. 

Early test work showed that the fuel consumption 
of the engine was quite acceptable, the exhaust was 
absolutely clean, and the engine would run satisfac- 
torily on either diesel fuel, crude oil, or bunker C. 
There were, however, several inherent mechanical 
problems existing in the engine itself. These are the 
problems that are associated with any high output 
engine development and are probably common to 
most diesel engines. Namely they were cylinder 
head or in the case of the free piston engine “center 
section” stresses, piston ring and cylinder conditions, 
injection problems, valve problems, lubrication prob- 
lems, high oil consumption, and air box fires. There 
were other minor difficulties as well. 

The gas turbine, of course, is an essential part of 
the free piston engine. One of the main advantages 
of this cycle is that the exhaust gas from the gasifier 
is only 850 F as it goes into the turbine, which elimi- 
nates the necessity for using critical or strategic 
materials in the turbine blading. It also prevents 
any damage from vanadium in the fuels, which 
damage has occurred in high temperature turbines. 
No trouble of any kind or any servicing has ever 
been required on the turbines we have tested. 

The test installation of the GS-34 gasifier in our 
Mechanical Test Building is shown in Fig. 4. Since 
a free piston engine is inherently perfectly balanced 
the engine was simply mounted on a framework of 
I beams setting on a wooden floor. It has been 
running here for three years and so far has not yet 
moved. The turbine was mounted on a dynamom- 
eter bed plate immediately adjacent to the gasifier, 
as shown. The turbine has an integral reduction 
gear and is connected to a dynamometer. 

The set, as originally delivered, was rated at 600 
kw on the turbine shaft. This is equivalent to 803 
bhp or approximately 1000 gas hp from the gasifier. 
Our first tests were, of course, a run-in for the piston 
rings and check runs to determine that the turbine 
and gasifier controls were working properly. 

Fig. 5 shows the power output of the turbine, 
plotted against gas pressure. 

Fig. 6 is a plot of fuel consumption versus load. As 
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FIG. 4—TEST SET-UP FOR GS-34 GASIFIER does not have to be bolted 
to floor because gasifier is inherently balanced. Turbine is mounted on 
dynamometer bed plate adjacent to gasifier. 


| CUSHION AIR 
TURBINE INLET 


PRESSURE 
P.S.1.G 


SCAVENGE 
AIR 


TURBINE EXHAUST 


200 400 600 800 1000 1200 


TURBINE B.H.P 


. 5—TURBINE POWER versus gas pressure. 


8.S.F.C POUNDS 


LB./H.P. HR 


200 400 600 800 
TURBINE B.H.P. 


FIG. 6—FUEL CONSUMPTION of free piston engine. 
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FIG. 7—GAS FLOW WITHOUT RECIRCULATION versus turbine de- 
mand 


can be seen, the part load fuel economy of an inward 
compressing engine is not very attractive at low 
loads. This is due to the fact that at low horsepower 
the turbine requires only a small amount of gas and 
the gasifier’s output is restricted as shown in Fig. 7. 
As fuel to the gasifier is reduced the pistons slow 
down and reduce their stroke. The minimum stroke 
is limited by a cam on the injector control so that 
the piston must always have sufficient stroke to un- 
cover the ports to prevent stalling the engine. Thus, 
if it is desired to run the turbine at lower output, the 
excess gas must be thrown away through the bypass 
valve. This, of course, represents a direct loss of 
energy and an unfavorable low-load fuel consump- 
tion. 

Such a powerplant, though satisfactory for power- 
house service, would be quite undesirable for loco- 
motives, for instance, where as much as 50% of the 
operating time is at low-load or idle throttle position. 

Shortly after we began running our test, two 
modifications showed great promise of alleviating 
the part-load fuel consumption. These were a se- 
lected pressure pickup unit for the stabilizer, and 
the use of a recirculation valve from the gasifier air 
box. Addition of these two devices reduced the fuel 
consumption at idle to a level comparable to that of 
a good diesel engine. Thus, it was possible to con- 
sider such a power source for a locomotive or other 
vehicular application where a great deal of low load 
operating must be done. 

The recirculation valve is quite simple. It merely 
bypasses the air from the airbox around the cylinder 
back to the air inlet. As the air goes around and 
around the loop it gets heated with each pumping 
stroke of the compressor pistons until its tempera- 
ture is raised to a rather high level. This allows the 
gasifier speed and compression ratio to be reduced 
and still maintain sufficient heat in the combustion 
chamber to ignite the fuel when it is injected. Thus, 
the compression ratio which at full load is approxi- 
mately 50 to 1 can be reduced to 10 to 1 at idle with 
the recirculation valve open. With these two devices 
it is then possible to match the turbine gas demand 
curve perfectly all the way down to 0 hp or idle on 
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FIG. 8—GAS FLOW WITH RECIRCULATION versus turbine demand. 





the gasifier. This, of course, would make it quite an 
attractive powerplant for vehicular service. 

As seen in Fig. 8 the addition of a recirculation 
valve permits the gasifier output to be perfectly 
matched to the turbine requirement right down to 
idle. The idle fuel rate was reduced from 180 to 40 
lb per hr. 

After the aforementioned modifications, the gasi- 
fier and turbine performance were eminently satis- 
factory throughout the load and speed range. Rapid 
changes in load could be made with no difficulty, and 
the fuel consumption was considered satisfactory 
with a turbine of this efficiency. In addition, the en- 
gine would run equally well on either light diesel fuel 
or bunker C. 

The first complete overhaul and inspection re- 
vealed the major problems in free piston engines 
were essentially those of any high output diesel al- 
though perhaps more pronounced because of the 
high temperatures and pressures in the combustion 
chamber. The main problems were: 


1. Cylinder wear 
2. Diesel piston ring wear, scuffing, and breakage 


3. Compressor piston ring wear, and 


breakage 


scuffing, 


4. Intake valve blade failures 


5. Oil leakage past seals resulting in valve depos- 
its and airbox fires 


6. Piston ring groove deposits 


7. High piston cooling oil consumption 


While we tolerated and repaired these difficulties 
as required, several hundred hours of engine opera- 
tion were accumulated. Since engine performance 
in terms of output and fuel consumption was con- 
sidered satisfactory it then became necessary to es- 
tablish the life of the engine by running an endur- 
ance test at full load on bunker C. 

Test work on the smaller free piston air compres- 
sors had demonstrated that better piston rings and 
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modern heavy duty lubricants made a marked im- 
provement in ring life. Therefore, prior to running 
an endurance test, the lubricating oil was changed 
to a medium-viscosity-index base oil with a Series 2 
additive level plus zinc dithiophosphate. In order to 
promote ring seating, new French piston rings were 
given a 14 deg taper and the cylinders were “lubri- 
cated.” 

It was also felt that with these and other improve- 
ments the gasifier rating could be increased 25% 
from 1000 to 1250 gas hp. A test goal was set up to 
run 1000 hr at full load on bunker “C” fuel with a 
minimum availability of 85%. 

An endurance test was started using light diesel 
fuel. The engine was run on a 24 hour per day 
schedule six days per week. Each Monday morning 
before starting, the conditions of the piston rings 
were observed through the intake ports. After 600 
hr at full load the fuel was changed to bunker “‘C.” 
This fuel was the same as that being supplied to the 
boiler house for making steam to heat our buildings. 
Each truck load of fuel was slightly different. How- 
ever, a fairly typical analysis is shown in Table 1. 
The fuel used averaged 314% sulfur, with some de- 
liveries running as high as 4.2%. 

The endurance test was continued at full load for 
1100 hr to achieve our original goal of 1000 hr on 
heavy fuel. At the end of 1728 total hr the test was 
stopped and the engine dismantled for inspection. 
The availability of the engine at the end of the test 
was 91.2% at full load, and 95% overall. That is 
95% of the available working hours the engine was 
running and 91.2% of the available hours the engine 
was producing 1250 gas hp. 

The 5% lost time was caused by casualties that 
necessitated shutting down the engine for repairs. 
The main cause of the engine shutdowns was failure 
of intake valve blades. As shown in Fig. 9, the tips 
of the blades would fatigue and chip out. When the 
failures progressed below the sealing surface the re- 
sult was back flow and loss of power. The other two 
principal troubles were injector seal leakage and 
precombustion chamber failures from cracks in the 
welds. 

Inspection of the piston rings, pistons, and cylin- 
ders revealed excessive wear and scuffing. The cop- 
per-lead of the wear bands had corroded and worn 
sufficiently to allow the steel piston ring lands to 
contact the cylinders with consequent scuffing of the 
piston itself and damage to the cylinder. 

Previous experience in Europe had indicated that 
air box fires would occur at regular intervals. These 
fires do no damage other than stopping the engine 


Table 1—Oil Sample Report for Typical Bunker “’C” 
Fuel Used During Endurance Testing of GS-34 
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10.9 
149 
240 F 
275 F 
35F 
3.31% 
0.02% 
16.25% 
345 F 


Specific gravity at 60 F 
API gravity at 60 F 
Viscosity at 122 F (SFV) 
Flash point 

Fire point 

Pour point 

Sulfur 
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Carbon 

Initial boiling point 
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by consuming the oxygen in the airbox. They are 
caused by lubricating oil deposits in the airbox, 
which come from leaky seals on the balance tube 
and connection linkage rods. Only two fires oc- 
curred during the entire test, neither of which 
stopped the engine. This remarkable performance, 
as compared to previous history, was attributed to 
the use of a modern heavy-duty lubricant. Oil leak- 
age past the seals was appreciable, but the deposit 
formation was much less than that observed in Euro- 
pean engines. 

Results of this first long term test were so en- 
couraging that it was decided that redesigning many 
basic parts could result in much superior engine per- 
formance and a second test goal was set at 5000 hr 
at a minimum of 85% availability. 

Several hundred engineering changes were incor- 
porated and the new engine was designated the 
GM-14. The most notable of the changes were as 
follows: 


1. Intake valves fatigue tested on a bench test rig 
indicated that considerable improvement in 
valve life was possible. New valves were made 
up of aluminum segments instead of steel, and 
valve blades made of a suitable spring stock 
correctly processed for their ultimate use. 


Cylinders were given a surface finish specifica- 
tion in accordance with our diesel engine prac- 
tice and were “lubricated.” 


Piston rings processed in accordance with our 
diesel engine experience were taper faced, 
grooved and ferrox filled. 


Bronze wear bands on the pistons were dis- 
carded because of the high sulfur attack, and 
a special steel-backed aluminum alloy was sub- 
stituted. The wear bands were grooved simi- 
larly to the piston rings to reduce land width. 


Pre-combustion chambers were redesigned and 
made from a more suitable material with better 
cooling provided. 


Injector seals were made from a more suitable 
material. 


Balance tubes, connecting links, and all sliding 
seal surfaces were hardened and lapped to a 
specified surface finish to reduce oil leakage. 


Delivery valve plates were redesigned for water 


FIG. 9—DAMAGED INTAKE VALVE BLADES caused back flow and 
loss of power. Tips failed in fatigue and chipped. 
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FIG. 1O—EXHAUST PISTON RINGS from GM-14 gasifier show that re- 
design from the GS-34 decidedly improved ring life. No. 2 ring is in 
excellent condition. Top ring is, however, still critical. 


FIG. 11—POWER CYLINDER of GM-14 shows no port clogging after 
4500 hr of operation. Only deposits are on three intake ports located 
in a region of restricted airflow in the engine case. No deposits have 
ever been found on exhaust ports. 
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cooling to reduce valve deposits and valve leak- 
age. 

A second endurance test was started in the fall of 
1955 and was run as before at full load on bunker “C” 
fuel, 24 hr per day, six days per week. Due to inter- 
ference with the Technical Center dedication cere- 
monies in May of 1956 the test was terminated at 
4500 hr. 

The GM-14 gasifier represents a marked improve- 
ment in engine durability over earlier free piston en- 
gines. The three basic problems encountered in the 
first 1700 hr test were completely eliminated. No 
shutdowns were caused by injector seal leakage, pre- 
combustion chamber failures, or intake valve fail- 
ures. Valve blades removed after 4500 hr at full load 
showed absolutely no evidence of fatigue failure. 

The proper hardness and surface finish of the slid- 
ing seal surfaces had eliminated seal scoring and had 
reduced the oil consumption from 0.4 to 0.08 gal. per 
hr. This greatly reduced the deposits in the airbox 
and prevented the occurrence of air box fires. 

Aluminum wear bands resulted in a marked reduc- 
tion in wear band wear (or corrosion) from 0.010 to 
0.0028 per 1000 hr. 

Grooved and ferrox filled piston rings eliminated 
scuffing and greatly reduced the ring wear. 

A close up of the exhaust piston rings is shown in 
Fig. 10. The most critical part of the engine is still 
the top ring. However, the latest changes have de- 
cidedly improved ring life. The No. 2 ring on both 
pistons, for instance, is in excellent condition with 
absolutely no signs of scuffing and has a very accep- 
table wear rate. It is expected that further changes 


now being tested will result in much improved top 
ring performance. 
Perhaps it should be pointed out that piston ring 


service in a free piston engine is not quite as serious 
a problem as in more conventional diesels. The GM- 
14 engine can be shut down and pistons removed for 
a ring change in less than an hour. 

Fig. 11 shows the power cylinder after the 4500 hr 
test. One of the remarkable things about free piston 
engines is the lack of port clogging problems. As 
can be seen, there are no clogged ports and the only 
deposits noted were on three intake ports located in 
a region of restricted airflow in the engine case. No 
deposits of any kind have ever been found in the ex- 
haust ports. 

Since we began development work on this free pis- 
ton engine, we have increased the rated power out- 
put by 25%. The life of all of the critical parts has 
been extended until we can run a 4500 hr test with 
over 90% availability. The engine runs satisfacto- 
rily on heavy fuel with absolutely clean exhaust. 

We are now confident that the GM-14 engine will 
be a contender for a place in commercial power gen- 
eration and that continued development work will 
result in further increases in power, economy, and 
reliability. 

Acknowledgment should be made of the coopera- 
tive efforts of the engineers of the Electro-Motive 
and Cleveland Diesel Divisions of General Motors as 
well as Societe Industrielle Générale de Mecanique 
Appliquée and Societé d’Etudes de Matériel Elec- 
trique in France for the rapid advance in free piston 
engine development over the past three years. 

For complete paper (in multilith form) on which 
this abridgment is based, write SAE Special Publi- 
cations. Price: 35¢ to members, 60¢ to nonmembers. 
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CRC survey asks 100,000 cars... 


‘Are You Satisfied with 


the Gasoline 


The collective answer appears to be... 


You're Using?”’ 


" 


CCORDING to a CRC survey, which was taken in 
1953 and 1954, most fuels can be handled in most 
passenger car engines without much vapor lock, hot 
starting, or hot stalling problems. (See SAE Jour- 
nal, April, 1956, pp. 66-69.) However, high under- 
hood temperatures—following operation at high 
speeds—tend to prohibit use of more volatile gaso- 
lines. Power accessories and crowded engine com- 
partments aggravate the situation by increasing 
underhood temperatures, particularly in the sum- 
mer. 


@ What about the future?—If future engines are de- 
signed with higher horsepower, and more power ac- 
cessories are crowded into the engine compartment 
cutting down air circulation, the engine will have a 
tougher job rejecting heat. Then vapor may form in 
the fuel lines. Conversely, if oil refiners increase the 
volatility of the gasoline, making it more susceptible 
to vapor formation, car designers will be hampered 
in their efforts to build more power, lower hood lines, 
and more accessories into future cars. 


@ Cooperation is answer.—There is no doubt that 
this incipient problem will be solved, as it has been 
in the past, by cooperation between engine designers 
and gasoline producers. Motor car manufacturers 
will continue to improve vapor handling characteris- 
tics; petroleum suppliers will produce fuels suitable 
for higher compression engines without increasing 
the Reid vapor pressure or vapor locking tendencies 
materially. 


@ Survey pinpoints problems.—A survey conducted 
by the Volatility Group of the Motor Fuels Division 
of the Coordinating Fuel and Equipment Research 
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Committee of the Coordinating Research Council, 
Inc., observed over 100,000 cars in different locations 
under different conditions. When stalling, difficult 
starting, or loss of power indicated fuel handling dif- 
ficulties, the conditions and trouble were noted. 


The amount of trouble differed considerably from 
one location to another. The greatest influence on 
engine operation is probably the temperature of the 
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YEAR 


PRESENT engines must handle about | '/2 times as 
much heat as was dissipated in the 1945 automobile. 
Since the rejected heat is approximately proportional 
to horsepower, further increases in power will create 
even greater heat rejection problems. 


ENGINE RVP TOLERANCE i 
: 


DUE TO HEAT REJECTION 


ae 

CROWDED engine compartments and lowered engine 
Rvp tolerance will, if they continue, present fuel 
handling difficulties. Engine designers must take 
advantage of every known principle to avoid vapor 
lock. Gasoline producers must continue to make 
high compression fuels without materially increasing 
Rvp or vapor locking tendencies 


fuel in the different parts of the fuel system. This 
temperature is determined by the type of operation 
the car is undergoing, the length of the soak period 
prior to observation, by wind velocity, cloud cover, 
and the ambient temperature. 

For example, fuel line temperatures increase 
faster when climbing a mountain grade than when 
driving along a level road where engine output for 
the same speed and ambient temperature is lower. 
Similarly, carburetor bowl temperatures would be 
higher after a 10 to 20 min soak than after some 
shorter or longer period. 

Altitude is another factor that differs between lo- 
cations and would be expected to affect fuel vapori- 
zation. 

Therefore, the survey results must be considered 
by location. We cannot assume that they hold true 
throughout the country. Too, the survey applied 
only to summer operation on gasolines of summer 
volatility. It does not cover the problems encoun- 
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tered during spring and fall transition periods or the 
occasional warm day that sometimes happens in the 
wintertime. An unseasonable, hot day, occurring 
during a period when fuels of relatively high volatil- 
ity are being used satisfactorily, may result in con- 
siderable fuel handling difficulty. 


Survey Statistics 


HOT STALLING—any stalling after a normal 
stop or refusal of the engine to continue run- 
ning after a restart. 


59,872 cars were observed at 11 different locations 
such as traffic lights‘and toll gates where vehicles 
are normally brought to a stop and allowed to idle 
momentarily. Highest incidence of stall occurred at 
a parking area where cars were allowed to soak for 
some time after driving on a 70 mph turnpike. 

There was less stalling during city traffic driving 
than there was at the stops after open road driving. 

There seemed to be little direct relationship be- 
tween ambient temperature and the stalling in the 
observed cases, indicating that at least part of the 
trouble was not due to “hot fuel handling” difficul- 
ties. 


HOT STARTING—a measure of how long it 
takes to start a vehicle after it has been oper- 
ated for some time and shut off for a relatively 
short soak. 


Some 3867 cars were observed at nine different lo- 
cations such as supermarket parking lots, a turnpike 
restaurant, and a ferry boat waiting line. 

Slow starting was most prevalent at the same 70 
mph turnpike stop at which the most hot stalling 
occurred. In general, city driving developed fewer 
hot starting problems than high speed turnpike 
driving. The effect of ambient temperature is not 
definite since hot starting was more difficult at 
higher ambient temperature in only two of four lo- 
cations observed. 

There were no starts that took longer than 3 sec at 
cars observed waiting for a ferryboat. It may be 
that the jockeying and idling that is usually a part 
of loading a ferry cooled fuel system temperatures to 
the point where no hot starting difficulty was en- 
countered. Similarly, a low incidence of difficulty at 
a supermarket parking lot may have been due to 
relatively low fuel temperatures as a result of the 
cars’ having been driven only a short distance before 


parking. 


VAPOR LOCK AFTER SOAK—stalling after 
a car has been “‘soaked,.”’ started, and driven 
about 0.2 mile. 


RUNNING VAPOR’ LOCK — stalling after 
steady driving. 

More than 44,000 cars were observed at 19 different 
locations at various altitudes. 

Below 2000 ft there was no large increase in run- 
ning vapor lock as temperature increased. (How- 
ever, no high temperature data were obtained under 
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the steep highway grade conditions that are most 
apt to produce this type of difficulty.) 

The soak type of vapor lock occurred most at a 70 
mph turnpike stop below 2000 ft altitude. There 
was a marked increase in the incidence rate as the 
temperature increased. Up to 25% of the total 
(1519) cars observed at this location encountered 
some degree of vapor lock. Most involved only slight 
loss of power, misfiring, backfiring, and rough run- 
ning rather than complete stalling of the vehicle. 

Observations of 14,286 cars in five mountainous 
grade locations from 2000 to 5000 ft altitude showed 
about 1% of the cars encountered running vapor 
lock. 

Observations of 3450 cars on mountainous grades 
at 5000 to 7000 ft altitude showed less than 1% en- 
countered running vapor lock. 

At 10,000 to 13,000 ft, over a temperature range of 


46 to 75 F, 1.45% of 205 cars encountered running 
vapor lock whereas 2.4% encountered vapor lock fol- 
lowing soak. 


@ Overheating causes stalling.—Poor hot fuel han- 
dling characteristics are not the only cause of car 
stalling during midsummer months. Engine over- 
heating can be a greater problem than vapor lock, 
particularly at high altitudes. Observations at alti- 
tudes between 10,000 and 13,000 ft revealed that 
25.4% of 205 cars that stalled did so due to overheat- 
ing. Ambient temperature was 75 F, and it appears 
logical that at higher temperatures the problem 
would increase. 


For complete paper (in multilith form) on which 
this abridgment is based, write SAE Special Publi- 
cations. Price: 35¢ to members 60¢ to nonmembers. 


LOW-FLOTATION SPACED TRACKS ... 


. . appear to offer more promise of improvement in off-highway vehicle locomo- 


tion than does pursuit of conventional high-flotation principle. 


M. G. Bekker, 


a 


ESEARCH in the mechanics of land locomotion 

suggests two paths toward vehicle improvement: 

1. Propel the vehicle by shearing the soil not by 
the process implied directly in the Coulomb equa- 
tion but by some other, more advantageous process 
of soil shear in which Coulombian process takes 
place in an indirect way. (Coulomb’s equation ex- 
pressing shear as a function of cohesion, pressure, 
and friction predicts tractive forces of convention- 
ally designed off-highway vehicles.) 

2. Design tracks and wheels to encounter less 
drag, bulldozing-type and compaction resistance. 

Experimental results bear out these two indica- 
tions. A track composed of cleats spaced a care- 
fully determined distance apart does produce shear 
giving a much higher thrust than that produced by 
a conventional track shearing the soil according to 
the direct process assumed for Coulomb’s equation. 
Besides, this spaced-link track has lower bulldozing 
resistance and also lower lateral drag than conven- 
tional track for the same sinkage; in certain types 
of soil, if properly designed, it may have less com- 
paction resistance. 

Five experimental vehicles have been equipped 
with the spaced-link track. One of them, the 
Groundhog, has doubled the thrust/weight ratio of 
ordinary vehicles in a variety of soil and snow con- 
ditions. Drawbar pull up to 180% of vehicle weight 
may be expected where conventional vehicles can 
pull only 75-95% of their weight. 

A commercial agricultural tractor redesigned in 
Canada along the new theoretical principles also 
doubled its usual drawbar pull in a sandy soil and in 
snow. Although the spacing of track vehicles was 
compromised original weight and overall dimensions 
were preserved. 

Widening conventional tracks beyond a certain 
width does not pay. But spaced-link tracks do not 
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seem to have a width limitation; tracks extending 
the width of the vehicle are not only possible but 
also advisable. (They would, of course, require new 
power trains designed to fit the new configuration.) 

The theory which led to the design of the spaced- 
link track is detailed in a book titled “Theory of 
Land Locomotion, the Mechanics of Vehicle Mobil- 
ity” about to be published by the University of Mich- 
igan Press. The book will be eventually used in 
courses in land locomotion which have recently been 
considered in the automotive engineering curricu- 
lum of the University. 

(Talk “Present State of Off-road Locomotion, and 
Its Future” was presented at SAE Southern Cali- 
fornia Section Seminar on Frontiers in Automotive 
Engineering, April 25, 1956.) 


NEW TRACK HAS SPACED CLEATS which shi 
manner m shearing action of usual 


series of cleat Spaced cleats give muct 


fferent tro 


nr) 
a 





TREND Is Toward 


Commercial ground vehicles will use both 


“pure” turbines and turbine-compounded piston engines 
in the future, SAE West Coast Meeting indicates. 


URBINE versus piston . . . Now that the question 

has been settled for air transport, it is beginning 
to be debated all over again for ground transport. 

The question was pretty thoroughly aired at the 
SAE West Coast Meeting held August 6-8 at the 
Mark Hopkins Hotel in San Francisco. 

In addition to the technical talk, the Meeting of- 
fered daily luncheons, a banquet, a display of special 
locomotive equipment; and a full day tour and cruise 
aboard the aircraft carrier, U.'S.S. Bennington. La- 
dies accompanying members and guests to the Meet- 
ing were welcomed at a hospitality room maintained 
by wives of the local SAE section members. This 
spot served as headquarters for organizing shopping 


trips and visits to scenic spots in and around San 
Francisco. 

The official opening of the West Coast National 
Meeting came as J. R. MacGregor, General Chair- 
man of the Meeting, welcomed the group that had 
assembled not just from the West Coast but from all 
parts of the United States, Hawaii, and Canada. In 
his introductory remarks, he pointed out that in 
keeping with the theme of the Meeting—making the 
best use of and getting the most out of automotive 
equipment—efforts had been made to bring the 
manufacturers and users of automotive equipment 
together on common ground where they could dis- 
cuss their individual needs and arrive at the most 


HARD WORKING COMMIT- 
TEE that made the arrange- 


i 
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TURBINES 


satisfactory solutions to their mutual problems. 

The Meeting showed that in some instances a 
good case can now be made out for the turbine on 
the basis of lower fuel cost, space savings, or more 
favorable power-speed characteristics. In other 
instances, current interest in turbines stems mostly 
from a desire not to be caught napping if this rela- 
tively new type of powerplant proves advantageous 
over conventional types. 

If there was any answer to be drawn from the 
turbine-versus-piston deliberations, it was probably 
that there will be a gradual shift toward the tur- 
bine, most likely toward hybrid piston-plus-turbine 
types as much as to pure turbine powerplants. 

The Union Pacific Railroad, for example has been 
pioneering gas turbine locomotives on its Wyoming 
Division for four years. On the basis of 6,000,000 
miles of service, the railroad finds its combustion 
type turbines (having 15-stage axial-flow compres- 
sors and can-type burners) well worth while. 

The same railroad, for the last year and a half, 
has been experimenting with adding turbines in 
the form of turbochargers to its two-cycle diesel 
locomotives operating between Omaha and the Pa- 
cific Coast. The turbochargers have centrifugal 
turbines powering centripetal compressors. Inter- 
coolers cool the charge between the turbocharger 
outlet and the inlet of the engine’s Roots-type 
blower. 

The use of the two types of motive power by one 
railroad on different parts of its line points up one 
of the limitations of the turbine: It is confined to 
the relatively flat country because its power output 
deteriorates markedly at high altitudes—and also 
at high ambient temperatures. 

The diesel engine also suffers from height and 
heat—but turbocharging can revive it. 

Of course, the diesel compounded with the turbo- 
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ON THE CARRIER BENNINGTON 


VEN after three days of technical sessions at the 

SAE West Coast Meeting, 170 of the Meeting par- 
ticipants arose in time to board Navy buses at the 
Mark Hopkins Hotel at 5:45 a.m. on Thursday, Aug. 
9, to go out to sea for a day on the U.S.S. Bennington 
CV A-20. 

Because of fog most of the day, they saw only two 
fly-offs from the Bennington’s angled deck and no 
use of her mirror landing system. But they were 
treated to thorough demonstrations of launching 
and recovery equipment, fire fighting devices, and 
servicing and maintenance facilities. 

Besides, the SAE members were guests of the Navy 
at a hearty breakfast, a heartier lunch, and a band 
concert. The trip took the ship under both the San 
Francisco and the Golden Gate Bridges and 35 or 40 
miles out to sea. 






















chargers delivers all its power at the engine crank- 
shaft. 

The Meeting brought news of two types of piston 
engines compounded with turbines where the power 
comes not from the crankshaft but from the tur- 
bine. One was the free piston gasifier type of tur- 
bine powerplant. The other was the Orion family 
of engines. 


Nob Hill Nuggets 


brought to light at the SAE West Coast 
Meeting 


Tires 


Many 1957 cars will be using smaller di- 
ameter tires. Load ratings will be compar- 
able, but tires will have larger cross-sec- 
tions, 2 psi lower inflation, and 14 in. diam- 
eter rims. The inch or so saved will help 
lower car heights and give longer useable 
passenger space. 

Conventional spare tires may go the way 
of the old-time running board tool box so 
that stylists can lewer height of the rear 
deck. For emergency use, there may be a 
folded-up collapsible two-ply tire with 
spare wheel and CO, bottle for inflation. 


Education and Industry 


Prof. W. Paul of Oregon State College, 
speaking at the Monday luncheon empha- 
sized that there is a large pool of university 
personnel that could be utilized in industry 
for short periods of time each year. He felt 
that the practice of some industries of or- 
ganized programs for professors and teach- 
ers should be greatly expanded. Industries 
would profit by receiving fresh viewpoints 
and also, in the long run, by the fact that 
university personnel would develop better 
understanding of industrial problems and 
could better train students to handle these 
problems. 


Fuels 


Premium motor fuel of 108 octane num- 
ber (AGAC) is possible on the basis of pres- 
ent petroleum technology. The processing 
developments that would make it possible 
would also improve stability of gasoline and 
reduce sulfur content of diesel fuel. 
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The Meeting disclosed that General Motors has, 
besides the 250 gas hp GMR 4-4 Hyprex free piston 
engine unveiled at SAE Summer Meeting last June, 
a 1250 gas hp GM-14 unit for commercial power 
generation. (See “25,000 Hours of Free Piston En- 
gine Operation” beginning on page 64.) 

The GM-14, like the Hyprex, operates on the op- 
posed piston two-stroke cycle. On the inward 


Truck Mufflers 


Prime cause of muffler failures appears to 
be high temperatures. Mufflers run so hot 
normally that a small temperature in- 
crease, such as that caused by overloading 
the engine, rapidly decreases the strength 
of mild steel to the failure region. Ceramic 
coatings might help extend life of the mild 
steel. 

Both lead and sulfur present in fuel seem 
to decrease service life of mufflers. 


Discretion .. . 


. is closing your eyes to a situation be- 
fore someone closes them for you. 


Hills, Hills, Hills 


If you get tired of walking on San Fran- 
cisco streets, you can always just lean on 
them, cracked V. C. Peterson of the San 
Francisco Municipal Railway in narrating 
his film “Gravitation vs. Transportation in 
San Francisco.” Meeting participants who 
hiked back to the Mark Hopkins Hotel, 
where sessions were held, from Chinatown, 
Fishermen’s Wharf, or the four-masted 
sailing ship Balclutha appreciated his 
meaning. 

The movie “Severe Service with Heavy 
Duty Earthmoving Equipment” was nar- 
rated by Lloyd Pfeister of the Bechtel Corp., 
substituting for R. P. Ball. The movie 
“Timber on Wheels” was presented by R. W. 
Olin of Potlatch Forests, Inc. 

All three movies were specially prepared 
for the Meeting to show certain distinctly 
West Coast transportation situations. 


An Executive ... 


...iS a man who goes around with a wor- 
ried look on the face of his assistant. 





stroke, air is compressed between the two pistons. 
Compression ignition occurs and the pressure forces 
the pistons apart. In moving outward, the pistons 
uncover exhaust ports emitting the exhaust through 
ducts toa turbine. The pistons, being double ended, 
also compress air on their outward stroke in 
“bounce” chambers at their outer ends. This com- 
pressed air furnishes the energy to return the pis- 


... more Nob Hill Nuggets 


Maintaining the Schedule 


All during the Meeting, speakers and dis- 
cussers were held to their time limits by a 
unique timing device. A full-size San Fran- 
cisco city traffic signal was prominently dis- 
played in the front of the session room. As 
long as speakers were within their allotted 
time it read “GO,” but if they ran overtime 
it switched to “STOP,” accompanied by a 
loud clang of the bell. 


Thanks 


SAE Journal is indebted to R. E. Van 
Sickle of the committee on the Meeting for 
many of the details and the photographs 
used in this report... and to H. L. Dickey 
for the photograph of the carrier deck. 


Customers’ Desires Versus Cost 


The car manufacturer’s problem is to 
strike a balance between what the customer 
wants and what he’s willing to pay for—not 
just in initial cost but in other factors, too, 
philosophized SAE President George A. 
Delaney in a Wednesday luncheon talk. 

In general, the customer won’t expend 
any more driving effort, but he will spend a 
little more fuel for what he wants. For ex- 
ample, free wheeling faded from the com- 
petitive picture because it required cooper- 
ation from the driver to control the car. 
But automatic transmissions have been 
very popular despite the slight penalty im- 
posed on fuel economy. 

The manufacturers that strike the right 
balance are the ones that survive, Delaney 
pointed out. They create a double profit— 
the one that they reap and a profit for the 
customer, too. 


tons to their inner dead point when the open ex- 
haust ports lower the pressure between the pistons. 
Gas from the gasifier is at only 850 F when it goes 
to the turbine, much cooler than the turbine inlet 
temperature of combustion turbines. So the tur- 
bine materials problem is greatly eased. 
Interesting point made about the free piston type 
is that although it runs on the diesel cycle, it is in- 


People as Well as Equipment 


Besides “getting the most out of automo- 
tive equipment’’—the theme of the Meeting 
—transportation engineers should concern 
themselves with getting the most out of 
their people, declared banquet speaker L. B. 
Lundborg of the Bank of America. 

The good supervisor is sensitive to the 
feelings of his subordinates. He recognizes 
that they want to know where they stand. 
If a worker is doing a good job, the boss tells 
him so. 

As automation displaces workers from the 
jobs they have been performing, supervision 
must be especially sensitive to workers’ 
fears stemming from reversals of roles and 
personal relationships, Lundborg warned. 


Brakes 


Steady brake application is better than 
snubbing to slow a vehicle descending a 
hill. The total energy to be absorbed is the 
same for intermittent snub or steady drag 
braking. But the rate of braking is higher 
for snubbing. Therefore, lining and shoe 
interface temperatures reach higher values, 
at least momentarily, where wear is more 
rapid. Cooling between snubs is negligible. 


Thanks alsoto... 


Session Secretaries: John Conti, City Mo- 
tor Co.; Dwight T. Hume, Ernie Majer, Inc.; 
R. A. Hundley, Wetmore Hodges and Asso- 
ciates, Inc.; W. L. Kent, Union Oil Co. of 
Calif.; M. W. Savage, California Research 
Corp.; and T. S. White, General Metals 
Corp. 

Session Chairmen: B. T. Anderson, Union 
Oil Co. of Calif.; C. A. Hancock, Shell Oil 
Co.; W. A. Hubbell, Standard Oil Co. of 
Calif.; E. J. McLaughlin, California Re- 
search Corp.; A. D. McLean, Kenworth Mo- 
tor Truck Co.; and J. L. Peters, Cummins 
Diesel Sales, Inc. 
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sensitive to cetane rating as well as to octane rat- 
ing. It apparently runs equally well on 100 octane 
gasoline, kerosene, diesel fuel, Bunker C, or crude 
oil. Only noticeable effect is that power output var- 
ies with heat content of the fuel used. 

Reason that cetane rating is of no concern to the 
free piston engine is that combustion chamber tem- 
peratures are very high—high enough to ignite fuels 
that would be impossible to ignite in conventional 
diesel combustion chambers. 

Reason that detonation is no problem with the 
free piston engine is that the pistons really are free 
to give the combustion processes the room they need. 
Extreme gas pressures don’t get a chance to build up 
in this type of variable-stroke engine. 

A corollary to the “freedom” of tne pistons is the 
absence of the connecting rods and crankshaft— 
which brings freedom from the bearing problems of 
crankshaft engines. Of course, the free piston en- 
gines are not without their own problems, as the 
GM Research men pointed out. But they have suc- 
ceeded in surmounting the problems they have un- 
covered so far. 


The Orion principle is to use the crankshaft 
power output of a diesel engine to power two cen- 
trifugal compressors, one which supercharges the 
cylinders and the other which furnishes cooling air. 
Discharge from both compressors eventually enters 
the turbine, which develops the useful power. 

The Orion engines were a project General Electric 
undertook in 1950 for Army Ordnance for applica- 
tion to tanks and other tracked vehicles. The proj- 
ect was discontinued at the end of 1955. But GE 
had by then built and studied three small experi- 
mental engines, the Alpha, Beta, and Gamma—all 
named for stars in the Orion constellation—and the 
full-scale Rigel—named for the bright star in the 
knee of Orion. 

The advantage of the Rigel is its high power/ 
volume ratio. The 600-hp package is only 35 in. 
high by 47 in. wide by 67 in. long. It operates on 
diesel fuel. 

Although the engine is not now aimed for actual 
use in vehicles, it is another indication of the direc- 
tion away from pure piston engines toward turbine 
power that vehicle powerplants may take. 


Papers presented at the SAE National West Coast Meeting, San Francisco, Aug. 6-8, 1956 


R. C. Hill 

Union Pacific Railroad Co. 
“Six Million Miles Experience 
With Cas Turbine Locomotives” 


j. D. Bennett 
Fawick Brake 
Corp 
“Modern 
tems for 
(For Both Service and Emer- 
gency Brake Requirements)” 


Division, Fawick 


Efficient 
Trucks 


Brake Sys- 
and Busses 


W. M. Holaday 

Deputy Assistant Secretary of 
Defense (Research and Develop- 
ment) 

“Fuel for Thought” 


Cregory Flynn, Jr. 

General Motors Corp 
“Observations on 25,000 Hours 
of Free Piston Engine Opera- 
tion” 


R. C. Hill 

Union Pacific Railroad Co R. J. Hooker 

“Railroad Experience With a General Electric Co 
Turbo-Charged Two-Cycle Diesel * ‘ORION’—A CGas-Cenerator, 
Engine”’ Turbo-Compound Engine” 


R. P. Powers 
Firestone Tire and Rubber Co 
“Tires and Horsepower” 


P. S. Myers, P. C. Rosenthal, 
©. A. Uyehara 

University of Wisconsin 

W. Chow, Sparton Automotive 
Co. 

C. E. Nelson, Nelson Muffler Co 
“Truck Mufflers—Temperatures, 


Materials and Life” C. G. A. Rosen 


Consulting Engineer to the Pres- 
ident, Caterpillar Tractor C 
“An Economic Analysis of The 
Internal Combustion Engine 
Field”’ 


G. L. Neely, E. F. Criep, P. L. 
Pinotti 

Standard Oil Co. of California 
“Dark Diets for Diesels” 


W. T. von der Nuell 
AiResearch Industrial 
The Garrett Corp 
“Notes on a 

Two-Cycle Diesel 


}. GC. Octzel Divisior 
Warner Electric Brake and 
Clutch Co. 

“Better Truck and Bus Brakes”’ 


Turbo-Charged 
Engine” 


Complete copies of these papers are available in multilith form from SAE Special Publications 


Department. 
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Price: 35¢ each paper for members; 60¢ each paper for nonmembers. 





Section Meetings 


BALTIMORE 


October 4.. 
deen. 


. AOA Show-Aber- 


BRITISH COLUMBIA 


September 24... Speaker W. G. 
Nostrand. Hotel Georgia. 


CENTRAL ILLINOIS 


September 24... D. M. Heller, 
director of engineering, Missile 
Section, Bendix Aviation Corp., 
South Bend, Ind.—‘A Survey of 
Guided Missile Status.” Pere 
Marquette Hotel. Dinner 6:30 
p.m. Meeting 7:45 p.m. Special 
Features: Coffee Speaker Topic: 
“Your Rights if Arrested.” 


CLEVELAND 


September 17 ... Mr. Croft.— 
“The Traffic Control Problems of 
the Cleveland Airport.” NACA 
Laboratories. Dinner 6:30 p.m. 
Meeting 7:45 p.m. Special Fea- 
tures: Preceding the dinner, there 
will be a tour of Cleveland Hop- 
kins Airport, starting at 4:00 p.m 


DETROIT 


October 8 . . . Panel Meeting— 
Three Speakers: Donald Frey, 
associate director, Scientific Lab., 
Ford Motor Co., George J. Hueb- 
ner, Jr., executive engineer, Re- 
search, Chrysler Corp., D. F. 
Caris, head, Automotive Engines 
Department, General Motors Re- 
search Staff, GMC.—“Engines for 
the Car of Tomorrow.” Rackham 
Educational Memorial. Dinner 
6:30 p.m. Meeting 8:00 p.m. 


INDIANA 


September 20... Gregory Flynn, 
Jr., assistant head, Mechanical 
Development Department, Gen- 
eral Motors Research Staff, GMC 
—“‘The General Motors Free 
Piston Engine.” Naval Armory 
Mess, 30th Street & White River 
Indianapolis. Dinner 7:00 p.m. 
Meeting 8:00 p.m. Special Fea- 
tures: Social Hour 6:30 pm 
Sponsored by Perfect Circle Corp 


METROPOLITAN 
October 4... Victor G. Raviolo, 


director, Advanced Product Study 
& Engineering Research Office, 
Ford Motor Co.—‘What the Fu- 
ture in Automobile Design Means 
to Petroleum Technologists.” The 
Brass Rail Restaurant, 43rd 
Street & Fifth Avenue, New York 
Cocktail Hour 5:30 pm. Dinner 
6:30 p.m. Meeting 7:45 p.m. 


MILWAUKEE 


September 14... Golf Date 
October 5... James M. Smith, 
head, Automotive Engine Section 
& Richard M. Smith, engineer, 
Aluminum Company of America, 
Cleveland, Ohio. — “Aluminum 
Engines Design Problems & 
Their Solutions.” Milwaukee 
Athletic Club. Social Hour 6:00 
p.m. Dinner 6:30 p.m. Meeting 
8:00 p.m. 


NEW ENGLAND 


October 2... Nelson R. Brown- 
yer, vice president, Timken De- 
troit Axle Division, Rockwell 
Spring & Axle Co., Detroit.—‘‘En- 
gineering Development & Opera- 
tion of the New Timken Detroit 
‘Wide Range’ Double-Reduction, 
2 Speed, Driving Axles, in Mod- 
ern Over-the-Road Vehicles.” 
M.I.T. Faculty Club, Cambridge, 
Dinner 6:45 p.m. Meeting 8:00 
p.m. 


NORTHWEST 


October 12 ... Max Tauschek, 
chief engineer, Valve Division, 
Thompson Products Co.,—‘‘Valves 
& Tappets.” Stewart Hotel 


PHILADELPHIA 


October 10... Dr. Herman Ep- 
stein, director, Research Depart- 
ment, Burroughs Corp., Paoli, Pa. 
—‘‘Computers.” Engineers Club 
of Philadelphia. Dinner 6:30 p.m. 
Meeting 7:45 p.m. 


SOUTHERN NEW ENGLAND 


October 2... Donald G. Sturges, 
manager, New Products Branch, 
Research & Development Divi- 
sion, Carborundum Co., Niagara 
Falls, N. Y.—‘‘Industrial Applica- 
tions of Nuclear Energy.” Brad- 


ley Field, Windsor Locks, Conn 
Dinner 6:45 p.m Meeting 8:00 
p.m. 


ST. LOUIS 


October 9... J. B. Franklin, vice 
president, Operations & Main- 
tenance, Capital Airlines, Inc 
National Airport, Washington, D 
C.—“The Capital Airlines’ New 
Viscount.” 


SAN DIEGO 
October 9 


SYRACUSE 
October 9 


TEXAS 


September 14... Subject: “Auto- 
motive Air Conditioning.” Amon 
Carter Airport. Dinner 6:30 p.m. 
Meeting Afternoon & Evening. 
Special Features: Exhibits on 
Truck, Bus, Car, Boat & Tractor 
Air Conditioning. 


TEXAS GULF COAST 


September 14... Speaker from 
Fram Corp.—‘Oil & Air Filtration 
as Applied to Automotive Equip- 
ment.” Varsity Room, College 
Inn. Dinner 6:30 p.m. Meeting 
7:30 p.m. Special Features: 
Cocktails 6:00 p.m. 


TWIN CITY 


September 13... 1956 SAE Presi- 
ident George A. Delaney, chief 
engineer, Pontiac Division, GMC. 
—‘Designing an Automobile.” 
Hasty-Tasty Restaurant, 1433 W. 
Lake St., Minneapolis. Dinner 
6:45 p.m. Meeting 7:45 p.m. 


VIRGINIA 


September 24 ... William Byrd 
Hotel 


WILLIAMSPORT 


October 1... A. R. Bobrowsky, 
supervisor, Applied Sciences, Ford 
Motor Co., Dearborn. — “Free 
Piston Gas Generator Develop- 
ment.” Moose Auditorium, Wil- 
liamsport. Dinner 6:45 p.m. 
Meeting 8:00 p.m. 
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South Texas 
Newest Group 


SAE South Texas Group comes into 
being on October 1, the start of the So- 
ciety’s fiscal year, as a result of Council 
action at its June 7 meeting. The new 
Group results from Council’s favorable 
action on the petition of the South 
Texas Division of the SAE Texas Gulf 
Coast Section for recognition as the 
SAE South Texas Group. 

Texas Gulf Coast Section endorsed 
the Division’s petition and has ceded 
51 Texas counties for attachment to 
the new Group. 

In taking action to recognize the Di- 
vision as a new Group separate from 
the Texas Gulf Coast Section, the 
Council and the Sections Committee 
Executive Committee took into consid- 
eration the growth and accomplish- 
ments of the Division as well as the 
guidance and help it has received from 


Fred W. Biederman (left), past- 
chairman of the Cincinnati Section, 
accepts the Past-Chairman’s Certifi- 
cate from Owen L. Negandard, the 
newly elected chairman. 


SEPTEMBER, 1956 


the Texas Gulf Coast Section. 
An SAE Group differs from a Section 
in that it is authorized on a year-to- 
year basis, and is not represented on 
certain of the Society’s committees, 


such as, the Annual Nominating Com- 
mittee, the Sections Committee, the 
Membership Committee, the Student 
Committee, and the Placement Com- 
mittee. 


SECTION SHORTS 


Indiana Section Reception Chair- 
man Jake Wellman plans during 
the 1956-1957 year to introduce 
all new members and transfers at 
their first meeting. He requests 
that these members contact him 
and let him know when they are 
arriving. 

Plant Representatives will be 
appointed for the first time dur- 
ing the 1956-1957 Section year. 
Membership Chairman Bob High- 
land will welcome all recommen- 
dations from Section members. 


Indiana Technical College Stu- 
dent Branch members visited the 
Cincinnati Milling Machine Co. 
for an inspection tour on June 29. 
The 30-man group was shown all 
phases of the machine tool indus- 
try, including engineering and 
production. H. A. Macklin of the 
college’s Mechanical Engineering 
Department was faculty modera- 
tor for the trip. 

The student Branch called on 
an SAE member and school alum- 
nus to be the guest speaker at its 
Annual Spring Banquet. James 
W. Shank, of Chrysler Corp. (ITC 
°37), spoke on automotive body 
engineering. 

x * 

The first meeting of the Wil- 
liamsport Group will be held on 
Sept. 10. All subsequent meetings 
are to be held on the first Monday 
of each month. Vice-Chairman 
Frank W. Riddell is to be in 
charge of arrangements. 


G; 
a, 


— 
~ 


Warren G. Brown (left) outgoing 
chairman of Northern California 
Section, is presented with the 
past-chairman jeweled tie clasp 
and cuff links by Elvin B. Lien, 
1956-1957 chairman. This award 
insignia has been innovated re- 
cently by the Section. Brown 
also received a certificate from 
the SAE Council citing his leader- 
ship of the section during 1955-— 
1956. 


x * 


Baltimore Section suggests some- 
thing new in social events. An 
outdoor sports car showing at a 
meeting last year followed by 
dinner and dancing proved most 
successful. The auto show fea- 
tured some old cars and trucks to 
illustrate automobile progress. 


x * 


Philadelphia Section Student Ac- 
tivity Chairman Karl F. Green 
has arranged the annual Student 
Night Meeting which will be held 
on November 14. 





HARRY F. VICKERS, founder of 
Vickers, Inc., was the commencement 
speaker at the University of Southern 
California in June. He also received 
an honorary doctorate, being made a 
Doctor of Science. 

Vickers is now vice-chairman of the 
board of Vickers, Inc., and president of 
the Sperry Rand Corp. of which Vick- 
ers is a division. 


DUNCAN GARDINER has _ been 
named director of research and devel- 
opment for Vickers, Inc. 

Gardiner will be responsible for re- 
search and development programs 
which supplement the development 
activities of the Vickers product groups. 
Prior to receiving this new assignment, 
he had been assistant chief engineer. 


FRANK L. MONCHER has been ap- 
pointed chief engineer—airborne prod- 
ucts, Detroit, of Vickers, Inc. In his 
new position, Moncher will be responsi- 
ble for design, development, and test of 
aircraft type oil-hydraulic pumps and 
motors as well as complete airborne hy- 
draulic systems. 


PAUL C. MORTENSON has joined 
Vickers, Inc. as chief engineer—ground 


mobile products. Prior to joining 
Vickers, he was administrative engi- 
neer, Western hemisphere, Massey- 


Harris-Ferguson. 

Mortenson will be responsible for de- 
velopment, design, and test operations 
of three separate product line sub- 
groups within the ground mobile prod- 
uct classification. 





A. F. SIERS has joined the Air-Maze 
Corp. as a factory representative. 
Siers, who will handle special accounts 
in Ohio and Michigan, was formerly 
chief engineer of Twin Coach Co., 
Kent, Ohio. 


FRED P. HALL, JR., a veteran of 42 
years’ service with Dana Corp. and 
predecessor companies, has retired. 

Hall started work in the factory of 
Salisbury Axle Co. immediately after 
being graduated from Cornell Univer- 
sity. In 1918 he became chief engineer 
at Salisbury. The firm became a divi- 
sion of Dana Corp. in 1919. He was 
made manager of the Axle Division 
when the operation was moved to 
Toledo in 1929. 


W. C. HEATH has been named to 
the newly created post of projects 
manager in Solar Aircraft Co.’s San 
Diego plant, Herbert Kunzel, president, 
has announced. 

Reporting directly to the plant man- 
ager, Heath will undertake major proj- 
ects and will be responsible for coordi- 
nating activities pertaining to them 
among the various company divisions. 
Initially, Heath will be concerned 
mostly with the Jupiter T-300 gas tur- 
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About SAE 


Vickers 





Hall 


bine program now approaching full- 
scale production. 

Heath has been with Solar since 1937, 
becoming chief engineer five years 
later and executive engineer—market- 
ing in 1955. 

He was chairman of the SAE San 
Diego Section in 1950, of the San Diego 
Section of IAS in 1951, and of the San 
Diego Section of ASME in 1955. He 
was an SAE Councilor in 1954 and 1955 
and is currently vice-chairman for 
meetings of the SAE National Aircraft 


Powerplant Activity Committee. 


ROBERT SWAN has been appointed 
western sales manager of Buck Manu- 
facturing Co. He was assistant sales 
manager of the Engine and Gear Divi- 
sion, Hall-Scott Motors Co. before 
joining Buck. 

Swan will be in charge of dealer sales 
in the 11 western states for the com- 
pany’s Bux brand portable electro- 
magnetic drill presses, vises, and plate 
clamps. 


DR. NORTON B. MOORE has joined 
Aerophusics Development Corp. as a 
staff engineer. He has been operating 
his own consulting service, and prior 
to that he was affiliated with the Mc- 
Donnell Aircraft Corp. as chief engi- 
neer, guided missile and propulsion di- 
visions. 






Mortenson 


Swan 


Heath 


WALTER E. STEWART has been 
appointed general superintendent of 
the Lake Street tractor plant, Minne- 
apolis-Moline Co. He had been man- 


ager of industrial engineering for 
Cleveland Graphite Bronze Co. 
DONALD S. McARTHUR has been 


named supervising engineer of a newly 
formed section in the Economics Divi- 
sion of the Esso Research and Engi- 
neering Co., Linden, N. J. He had been 
head of the applied mathematics group. 
Products and Research Division of 
Esso. 


MILTON J. THOMPSON, professor 
of aeronautical engineering and asso- 
ciate director, Defense Research Labo- 
ratory, University of Texas, has been 
made a fellow of the American Society 
of Mechanical Engineers. 


RAYMOND T. LEWIS, who was 
manager, Light Metals Division, 
Thompson Products, Inc., has been 


made president and general manager, 
Cloyes Gear Works, Inc., Cleveland. 


WILLIAM K. PARK has been trans- 
ferred from Central region to the East- 
ern region as an account manager for 
Petroleum Chemicals Division, E. I. 
du Pont de Nemours & Co. His head- 
quarters will be in New York City. 
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Members 


Christie Hinchcliffe 


Larson 


CLIFFORD M. LARSON, chief con- 
sulting engineer, Sinclair Refining Co., 
New York, has retired. Larson, with 
Sinclair for 37 years, will go into pri- 
vate practice as a consulting engineer. 
His new address is Larcliff, 55 Taymil 
Road, New Rochelle, N. Y. 

During World War I, Larson served 
as lubrication engineer in the Signal 
Corps. Upon discharge from the Army, 
he joined Sinclair as assistant super- 
vising engineer in charge of staff and 
lubrication engineers. In 1937 he was 
made chief consulting engineer. 

During World War II he served as 
expert consultant to Secretary of War, 
covering fuels and lubricants problems. 
He is also the inventor of several 
viscosity measuring instruments. 

Larson served as chairman of SAE 
Placement Committee from 1947 to 
1953, has been a member of the Fuels 
and Lubricants Committee since its ini- 
tiation in 1926, and has read many 
technical papers before the society. 


HERB DE CENZO, previously chief 
engineer with E. B. Wiggins Oil Tool 
Co., Inc., has been made chief engineer 
of the newly established coupling divi- 
sion of On Mark Engineering Co. of 
Glendale. 


WALLACE T. MILLER, president 
and chairman of the board of NTH 
Products, Inc., has announced plans 
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W. T. Miller 


for a $100,000 plant at Gillespie Field, 
San Diego, Calif. The site is the 
present location of a company ma- 
chine shop. The new 30,000-square- 
foot building will house extruding 
works and welding and forming 
machinery. 

Miller has been president of NTH 
since late in 1955. Previously he had 
been assistant to the president, Bard- 
well and McdAllister, Inc., Burbank, 
Calif. 

He began in industry as chief ac- 
countant of the Willys-Overland Co. 
and has held many responsible posi- 
tions, including general sales manager, 
Motor Wheel Corp., Lansing, Mich. 


JOHN P. BUCK has been made vice- 
president in charge of manufacturing 
at Maremont Automotive Products, Inc. 
Buck joined Maremont in 1940 as a 
field engineer. Through a series of 
promotions he became plant manager 
of the Harvey, Ill. factory in 1946. In 
1950, he assumed additional duties cov- 
ering muffler engineering as well as 
manufacturing. 


CLIFFORD F. HOOD, president of 
United States Steel Corp., was elected 
chairman of the newly-created execu- 
tive committee at U. S. Steel. 


CHESTER D. CHRISTIE, staff engi- 
neer with the Axle Division of Eaton 
Manufacturing Co., has been appointed 
assistant chief engineer. He becomes 
the second assistant chief engineer on 
the Axle staff. 


H. L. HINCHCLIFFE has been made 
manager, head office marketing opera- 
tions, of Shell Oil Co. of Canada, Ltd. 

He was formerly manager distribu- 
tion, head office. He joined Shell in 
1932 at the Montreal East Refinery. 


W. D. ANGST, formerly manager of 
the Detroit Plant of Thompson Prod- 
ucts, Inc. of Detroit, has been made 
manufacturing manager of the Michi- 
gan Division of the company compris- 
ing three plants. 

Angst joined Thompson in 1942 in 
Cleveland. He progressed through the 
organization in Cleveland before his 
transfer to the Michigan Division in 
1950 as assistant factory manager at 
Detroit. He later was made industrial 
engineer for the division and became 
plant manager at Detroit. 


HAROLD E. HERDRICH had been 
made director of master planning for 
Northrop Aircraft, Inc. 

Prior to his new appointment, Herd- 
rich was staff assistant to the presi- 
dent. He previously was assistant 
manager of industrial and plant engi- 
neering. 


JOSEPH J. HITE, formerly chief en- 
gineer, American Hoist & Derrick Co., 
has been named director of engineering 
of the company. 

KENNETH F. POTTER, who was as- 
sistant chief engineer at American 
Hoist & Derrick, has been made chief 
mechanical engineer. 


E. F. TOMLINSON has been elected 
president of the B. F. Goodrich Tire 
Co., a division of the B. F. Goodrich Co. 
He has been vice-president, Equipment 
Division, of the Goodrich Tire Co. since 
1953. He joined Goodrich in 1927 in a 
sales capacity. 


KEMPTON H. ROLL has been ap- 
pointed to the newly created position 
of executive secretary and treasurer of 
the Metal Powder Association. He had 
been technical director at the associa- 
tion. 


LEON C. GREENEBAUM has been 
elected chairman of the board of the 
Hertz Corp., Chicago. He has been 
vice-chairman of the board since Fe- 
bruary, 1955. Previously, he had been 
president of Metropolitan Distributors, 
Inc., which was aequired by Hertz in 
1954. 


CARL HALPIN has been appointed 
manager of engineering at Ross Op- 
erating Valve Co. Formerly, he was 
president of the F. L. Jacobs Co., De- 
troit. 
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Chrysler Executive Changes 


Ackerman 


Bright 


Newberg 


EDGAR C. ROW has been named administrative vice-president of Chrysler Corp. Row’s appointment to this 
position, new at Chrysler, places him second in authority to Chrysler president L. L. COLBERT, who made the ap- 


pointment. 
sler Corp. of Canada. 


Previously Row had been president of the company’s Export Division, and earlier, president of Chry- 


JAMES C. ZEDER has been named special adviser to the president, Chrysler Corp., and continues as a member 


of the Chrysler board of directors. 
He was president of SAE in 1950. 


Preceding his new appointment, Zeder had been vice-president 


engineering 


PAUL C. ACKERMAN recently named director of engineering at Chrysler, has now been made a vice-president 


of the corporation. 


RINEHART S. BRIGHT has been named Group vice-president—basic manufacturing, 
Bright has been vice-president of the Dodge Division and was previously general manager of the 


company. 


company’s Indianapolis transmission plant. 


WILLIAM C. NEWBERG has been named Group vice-president 


many years, most recently as president of its Dodge Division. 


W. ARCH BRYCE, formerly director 
of the Division of Public Safety, Uni- 
versity of Toronto, has been named 
general manager of the Canadian 
Highway Safety Conference. 


WILLIAM B. SHIMER has been ap- 
pointed chief industrial engineer for 
the De Soto Division of Chrysler Corp. 
In his new position, Shimer will be 
responsible for all supervision of the 
master mechanic, time study, and cost 
estimating departments. 


KEITH H. RHODES, previously a 
design engineer with the Buda Division 
of Allis-Chalmers Mfg. Co., is now a 
design engineer with American Motors 
Corp. 


EDWARD B. NORTHUP, formerly a 
lighting and optics engineer with the 
Ford Motor Co., is now an optics engi- 
neer in the Physics Research Depart- 
ment of the Chrysler Corp. in Detroit. 


STEVE A. BEISERT, a former part- 
ner in Martin’s Radiator Works is now 
president of the Martin-Pivo Corp. of 
Los Angeles. The company deals with 
the manufacturing and repairing of 
automotive and industrial radiators. 
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A. T. COLWELL, SAE past-president, 
and vice-president of Thompson Prod- 
ucts, Inc., Cleveland, made this fore- 
cast in a recent banquet address at the 
semiannual meeting of the American 
Society of Mechanical Engineers: 

“Gas turbine-powered automobiles 
will be coming off the production lines 
as present production equipment re- 
quires replacement. Fuel injec- 
tion systems for piston engines will 
come even before the gas _ turbine. 
.. . Changes in suspension systems are 
‘right around the corner.’ . Amer- 
ica’s highway system will expand rap- 
idly to rival anything the world has 
ever known. Municipal parking 
and traffic problems will be solved by 
the complete elimination of on-street 
parking and the establishment of 
peripheral parking lots.” 


RICHARD M. JONES is now project 
engineer, Racing Division, Champion 
Spark Plug Co. He had been sales en- 
gineer, McCulloch Motors Corp. 


J. A. FERTNIG, formerly a service 
engineer with A. R. Palit & Co., Ltd., is 
now a service engineer with Voltas 
Ltd., Calcutta, India. 


automotive. 


and a director of the 


He has been with Chrysler for 


ALEXANDER O. FOX has been 
elected to the board of directors of 
McNeil Machine & Engineering Co., 
Akron, Ohio. Fox is the former presi- 
dent of Lincoln Engineering Co. of St. 
Louis, now named Lincoln Engineering 
Co., Division of McNeil Machine & En- 
gineering Co. 

CARL H. MUELLER, former vice- 
president of engineering with Lincoln, 
will remain in charge of this depart- 
ment as director of engineering. 


WILLIAM A. BLUME has been pro- 
moted to executive vice-president of 
Gemmer Manufacturing Co., Detroit. 
Formerly vice-president in charge of 
sales, Blume joined Gemmer in 1953. 
He previously held the positions of 
president of American Brakeblok Divi- 
sion, American Brake Shoe Co.; presi- 
dent and director of Asbestos Mfg. Co.; 
and vice-president of American Brake 
Shoe Co. and Thermoid Co. 


JEAN BORDEAUX, JR. has been 
made general manager of Supply and 
Service Hardware, Inc. of Canyonville, 
Ore. Previously, Bordeaux was man- 
ager, product development section of 
R. M. Hollingshead Corp., Camden, 
N. J. 
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LYMAN A. WINE, vice-president of 
the Electric Auto-Lite Co., was elected 
to the company’s board of directors 
recently. He joined Auto-Lite in 1942 
as sales manager of the Auto-Lite 
Lamp Division in Cincinnati. Before 
his appointment as_ vice-president, 
Wine served in the executive post of 
assistant to the president. 


F. P. HEALY has been made vice- 
president and chief engineer for Van 
Norman Automotive Equipment Co., a 
newly formed subsidiary of Van Nor- 
man Co. He had been chief engineer, 
Automotive Equipment Division of Van 
Norman. 


MELVILLE G. KENNEDY, previously 
vice-president, Ferro Stamping Co., has 
been named vice-president and sales 
manager, Automotive Spring Corp., 
Detroit. 


OSCAR A. ESKUCHE is now a me- 
chanical engineering consultant with 
Stulen Engineering Co. of Caldwell, 
N. J. He was an industrial engineer 
with Piasecki Helicopter Corp., Morton, 
Pa. 


ELDEN H. OLSON has been ap- 
pointed director of engineering, Aero- 
nautical Division, Minneapolis-Honey- 
well Regulator Co. 

Olson previously was chief engineer 
in charge of engine control systems and 
components at Minneapolis-Honeywell. 


CARLOS A. CLAURE, previously a 
design engineer with Minneapolis-Mo- 
line Co., is now a mechanical engineer 
with Yacimientos Petroliferos Bolivi- 
anos Co. in Lapaz, Bolivia, S. A. 


MAJOR WALTER E. RAFERT, pre- 
viously at the Command and General 
Staff College, Fort Leavenworth, Kan- 
sas, is now instructor, armament engi- 
neering Department of Ordnance, 
United States Military Academy. 


W. EDGAR MULHOLLAND has 
joined the Formsprag Co. as executive 
sales engineer and special representa- 
tive to the automotive industry. Mul- 
holland had been sales manager for the 
Magnus Products Corp., Detroit. 


BERNARD H. HERSHKOWITZ, pre- 
viously project engineer at Titeflex, 
Inc., Newark, is now assistant director 
ot research, The B. G. Corp., Ridgefield, 
N. J. 


ARTHUR M. BREWER is now a sales 
engineer with Fabsteel Sales and Engi- 
neering Co., Hazel Park, Mich. He had 
been a sales engineer with Automotive 
Rubber Co., Inc., Detroit. 


STANLEY A. KAYE, formerly sales 
manager with Cardinal Mfg. Co., a sub- 
sidiary of Robin Products Co., Detroit, 
has been made sales manager of Robin 
Products. 
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WILLIAM C. DUNN, chairman of the board and co-founder of the Ohio Crank- 
shaft Co. receives the Trinks Award for pioneering in induction heating from 
Dr. W. Trinks (right), while Dr. John C. Warner looks on. Dunn, who devel- 
oped the basic patent for induction hardening of crankshaft surfaces, was one 
of four leading industrialists cited in the national industrial heating competi- 


tion at Pittsburgh recently. 


R. F. BURRIS, previously an auto- 
motive engineer with Pacific Inter- 
mountain Express Co. of Denver, is 
now a test engineer with Kenworth 
Motor Truck Co., Seattle. 


RICHARD L. FLESHMAN, formerly 
a district engineer with United States 
Rubber Co., is now assistant commodity 
sales manager with U. S. Rubber. 


ANTHONY B. KUBALA has joined 
Associated Designers, Inc., Birming- 
ham, Mich. as manager and chief tool 
engineer at the company’s newly 
opened Cleveland office. Kubala had 
been with Thompson Products, Inc. as 
design supervisor. 


O. J. SMITH is an automotive sales 
engineer for Sutton Ford Inc. He had 
been president of Auto Rental & Leas- 
ing Co., Gulf Coast Rent-A-Car Truck 
Co. Inc., Houston. 


J. DEAN GARRETT, formerly dis- 
trict sales manager, Thompson Prod- 
ucts, Inc., is now administrative man- 
ager, commercial pistons, at Thompson. 


K. H. KNOX has joined Weston Hy- 
draulics, Ltd. a subsidiary of Borg- 
Warner Corp., as engineering sales 
manager. He had been manager, Air- 
craft Hydraulics Division, Parker Air- 
craft Co. 


HARLEY W. HARRIS is now Cleve- 
land branch manager of Reo Motors, 
Ine. Previously he was general man- 
ager, Autocar Division, White Motor 
Co. 


SIR WILLIAM ROOTES, chairman 
of Rootes Motors Inc., and chairman 
of the British Motor Manufacturers, 
was one of the visiting executives at 
the International Automobile Show. 


IRVING FRAZEE, former assistant 
national service manager, Ford Motor 
Co., and technical writer and editor of 
Service and Technical Publications, is 
one of the authors of two books re- 
cently published by the American 
Technical Society of Chicago. 

The one is a new volume entitled: 
“Automotive Brakes and Power Trans- 
mission Systems.” It covers the “how” 
and “why” of brake and transmission 
systems operation, maintenance, and 
repair. 

The other is a newly revised edition 
of “Automotive Electrical Systems.” 
It presents a thorough ground work of 
electrical theory, which is then applied 
to the automobile. It also covers trou- 
ble-shooting procedures for the various 
circuits and appliances in the electrical 
systems. 


CARL EDWIN CLARK is now an as- 
sistant project engineer with Hamilton 
Standard Division of United Aircraft 
Corp. He had been electrical engineer- 
ing group leader of National Airlines. 


MARTIN RONNING, chief engineer 
of research, Minneapolis-Moline Co., 
was the recipient of the Cyrus Hall Mc- 
Cormick gold medal presented to him 
at Roanoke, Va., by the American So- 
ciety of Agricultural Engineers. 


85 





ARTHUR J. SCAIFE, SAE president 
in 1932, was the subject of a feature 
story which appeared in the June 3 edi- 
tion of the St. Petersburg Times. The 
story is entitled “Scaife Made History 
in Auto Industry” and is  bylined 
George Bartlett. 

The article noted that Scaife, who is 
now retired and a resident of St. Pe- 
tersburg, has contributed much to auto- 
motive science as well as to the general 
history of our country. The article also 
noted that: 

Scaife, a native of England, spent his 
boyhood in Ohio, taking his first job in 
the automotive field as an apprentice 
tool and die maker. 

This first job led to an association 
with Rollin White, which in turn let 
Scaife in on the “ground floor” of the 
auto industry. He started as a tester 
and for many years after had charge 
of all the company’s testing. 

From 1902 to 1908 Scaife took 
part in many amateur contests in auto 
racing. Among them were the Auto- 
mobile Club of America’s “Reliability 
Contest,” in which he chalked up a 
perfect score, and the first Glidden 
Tour, in which he scored a perfect race 
in the Ligonier Mountain test of the 
tour. 

In 1940 Scaife joined the U. S. Army 
as a civilian consulting engineer. In 
1945 he was transferred to the Quarter- 
masters Department and remained 
there until he retired in 1949. 


ARTHUR J. WILLIAMSON has been 
promoted to executive vice-president of 


Tube Reducing Corp., Wallington, N. J. 

Williamson joined Tube Reducing in 
1951 as vice-president. He had pre- 
viously served as a plant manager of 
Summerill Tubing Co. 


JOHN F. LEAMON, formerly master 
engineer, power plant engineering 
service, Trans World Airlines, has been 
made supervisor of the power plant for 
Trans World Airlines. 


LT. COL. ROBERT G. BLAYLOCK, 
formerly Commanding Officer, Tokyo 
Ordnance Depot, has been made chief, 
Technical Intelligence Branch, Intelli- 
gence, Security, and Safety Office, 
Washington, D. C. 


WILLIAM B. PROSSER, vice-presi- 
dent and general manager, Perfect 
Circle Corp., has been elected to the 
company’s board of directors. 


Prosser 


ALBERT RESNICK, formerly a de- 
sign engineer with Fruehauf Trailer 
Co., has been assigned as a project en- 
gineer, containers, with Fruehauf. 

JAMES STEPHEN, who was a sales 
engineer with Fruehauf, has been as- 
signed as a project engineer, field sur- 
veys, for the company. 


JAMES O. YULE, previously test en- 
gineer, pollution abatement, Bethlehem 
Steel Co., is now systems engineer, RCA 
Service Co., Inc., Tucson. 


WALTER H. NOFFKE is now senior 
production design engineer with Lock- 
heed Aircraft Corp. He had been 
manufacturing research engineer with 
Lockheed. 


R. L. OVERCASH, who was supervi- 
sor of the automotive laboratory, Ken- 
dall Refining Co., is now project engi- 
neer with American Viscose Corp. 


EDWARD D. SPICER, previously 
senior technical writer, Ford Motor 
Co., is now supervisor, dealer service 
management unit, Tractor and Imple- 
ment Division, Ford Motor Co. 


ARTHUR S. SCHUTZER is now a 
field engineer with Wright-Aeronauti- 
cal Division, Curtiss-Wright Corp. He 
was an instructor at Chanute Air Force 
Base, Rantoul, Il. 


ERNST W. PORTMANN, previously 
technical service engineer with General 
Tire & Rubber Co. of Canada Ltd., is 
now assistant to the general manager 
at the Marion Division of General Tire. 


WILLIAM C. McKENNA, JR. has 
been named president and treasurer of 
the Diamond T Truck Sales Co., Balti- 
more. Formerly, he had been service 
manager, Warner Fruehauf Trailer Co. 

McKenna served as SAE Baltimore 
Section Membership Committee chair- 
man in 1952-1953, Section treasurer in 
1954, and Section secretary in 1956. 


J. STEWART MUNRO has been ap- 
pointed president of the Canadian Co., 
Raybestos-Manhattan, Inc. He joined 
Raybestos-Manhattan in 1941 as plant 
engineer and has held the positions of 
chief engineer, assistant general man- 
ager, and vice-president. 


HERBERT N. REITZ, JR. has been 
made senior project engineer at the 
Hamilton Standard Division of United 
Aircraft Corp. He had been assistant 
to the engineering manager at Ham- 
ilton. 


NILAL S. P. NAIDU is now flight 
test observer and analyst with Black- 
burn & General Aircraft Ltd., Brough, 
E. Yorks, United Kingdom. He had 
been stressman, Handley Page, Read- 
ing, Berks, United Kingdom. 


DR. C. W. GEORGIE, director of re- 
search, Quaker State Oil Refining 
Corp., has been elected a vice-president 
of the company. 

E. E. EBNER, general superintendent 
of refineries at Quaker State, was also 
elected a vice-president of the com- 
pany. 


TERRY W. KUHN, executive vice- 
president, Bohn Aluminum & Brass 
Corp., has been elected a vice-president 
of Copper & Brass Research Associa- 
tion. 


ROBERT F. KLEIN is a quality engi- 
neer with International Business Ma- 
chines Corp. Previously, he had been a 
production specialist at Redstone Ar- 
senal, Huntsville, Ala. 


FLOYD G. LAWRENCE, former 
manager of publicity, Packard-Clipper 
Division, Studebaker-Packard Corp., 
has been appointed executive editor of 
Ward’s Reports, Inc. 


FOSTER N. PERRY has been ap- 
pointed special representative in the 
United States for Robert Bosch, GmbH, 
Stuttgart, Germany. Perry was asso- 
ciated until recently with American 
Bosch Arma Corp., Springfield, where 
he served in various capacities for 32 
years. His last 15 years at American 
Bosch were as a vice-president, the last 
5 as executive vice-president. 


WALTER D. McKINLEY, previously 
project engineer Titeflex, Inc., has 
been appointed secretary-treasurer, 
Timely Technical Products, Inc., Whip- 
pany, N. J. 


W. WAITS SMITH has been elected 
vice-president of Westinghouse Electric 
Corp. He has been manager of the 
company’s Aviation Gas Turbine Divi- 
sion at Kansas City, Mo., for three 
years, and will continue to direct that 
operation. 

Smith began in the automotive field 
in 1925 on the engineering staff of 
Studebaker Corp. At the start of 
World War II, he was named chief en- 
gineer of Studebaker’s Aviation Divi- 
sion until, in 1942, he went to Wright 
Field as a captain in the Air Force. He 
returned to Studebaker after the war 
and became chief administrative engi- 
neer for both gas turbine contracts and 
the Automotive Division, a position he 
held until he joined Westinghouse. 
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ERVIN C. LENTZ, JR. is now devel- 
opment engineer, fuel injection, Spar- 
ton Automotive Division of Sparks- 
Withington Co. He was research engi- 
neer, Ford Scientific Laboratory, Ford 
Motor Co., Dearborn, Mich. 


DAVID D. CARRINGTON, has been 
made assistant to the chief engineer of 
Walter Somers Ltd., Birmingham, 
England. He had been development 
engineer with Carrier Corp., Syracuse, 
N. Y¥. 


CARL HINSHAW 


Carl Hinshaw, a member of the 
House of Representatives since 1938, 
died August 5. He represented the 
20th District of California, which in- 
cludes the Pasadena-Glendale area 
near Los Angeles. 

Hinshaw was a member of the House 
Interstate and Foreign Commerce 
Committee, and the Joint Congres- 
sional Committee on Atomic Energy. 
A member of SAE since 1945, he served 
as a session chairman at the 1955 SAE 
National Aeronautic Meeting. At the 
1954 Aeronautic Meeting, he spoke on 
atomic energy. 

Hinshaw was born in Chicago in 
1894. He attended Valparaiso Uni- 
versity in Indiana, and Princeton Uni- 
versity, where he received a civil en- 
gineering degree in 1916. He took 
postgraduate work at the University of 
Michigan in business administration, 
1916-1917, then enlisted in the Army. 

While in the service, he attained the 
rank of captain in the Engineers Corps. 
Returning to Chicago, he entered the 
automobile business, later shifted to 
investment banking. In 1929 he 
moved to Pasadena and began a real 
estate and insurance business. 

In 1948 he was awarded the citation 
of honor by the Air Force Association, 
and in 1953 he received the Wright 
Brothers Memorial Trophy of the 
National Aeronautic Association. He 
was adviser to the Radio Technical 
Commission for Aeronautics and pres- 
ident of the Aero Club of Southern 
California in 1953-1954. He was also 
an Associate Member of the American 
Society of Civil Engineers. 


CLAUDE EVELYN WRIGHT 


Claude Evelyn Wright, president, 
Maitland Charts Ltd. died March 25. 
He had been a member of SAE since 
1938. He was also an Associate Mem- 
ber of American Institute of Electrical 
Engineers. 

Wright received a B. S. degree in 
electrical engineering from the Univer- 
sity of New Zealand in 1925. After 
graduation he joined General Electric 
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DONALD E. FLINN is now sales 
manager at Aero Engineering Co., a di- 
vision of the Garrett Corp. He had 
been a district manager at Aero Engi- 
neering. 


LOUIS C. FRANK has been made 
chief engineer at the Aurora Plant of 
Caterpillar Tractor Co. He had been 
chief engineer of Trackson Co. in Mil- 
waukee, a subsidiary of Caterpillar, 
since 1951. He joined Trackson in 
1929. 


Obituaries 


Co. in the engineering department. 
Two years later he was made superin- 
tendent in charge of the factory manu- 
facturing shovels for Jones Shovel Co. 
Ltd. 

From 1929 to 1933 Wright was with 
Ontario Steel Products Co. Ltd. He 
left Ontario Steel to form a partnership 
in Maitland Charts Ltd. In 1937 he 
returned to Ontario Steel as chief en- 
gineer in charge of production. Dur- 
ing World War II Wright was with the 
Department of Munitions and Supply, 
first in joint charge, and later as direc- 
tor of gun production. 

In 1946 Wright returned to Maitland 
Charts as president, a position he held 
until his death. 


WILLIAM H. NAEGELY 


William H. Naegely, director of labo- 
ratories at J. I. Case Co., died April 1. 

Naegely attended Penn State College, 
majoring in metallurgy, and was grad- 
uated from the University of Michigan 
with a B. S. degree in chemical engi- 
neering in 1920. He then joined Inger- 
sol Rand Co. as assistant metallurgist. 
The following year he was made special 
assistant to the president of Elk Tan- 
ning Co. From 1922 to 1925 he was 
head chemist at Chevrolet Motor Co. 

He joined J. I. Case in 1925 as chief 
metallurgist. In 1949 he was made di- 
rector of laboratories. 

Naegely became a member of SAE in 
1944. He was also a member of Ameri- 
can Foundrymen’s Association, Ameri- 
can Society for Testing Materials, and 
the American Society for Metals. 


WILLIAM G. STERNBERG, JR. 


William G. Sternberg, Jr., retired 
president of Sterling Division, White 
Motor Truck Co., died March 16. He 
was 70 years old. 

Sternberg began his industrial career 
with Sterling Motor Truck Co. in 1904 
as a mechanic. He was advanced to 
foreman, and then superintendent. In 
1922 he was made factory manager. 
Two years later he was named presi- 
dent of the company. In 1952, when 
White Motor Truck Co. acquired Ster- 
ling Truck Co., Sternberg was made 


MARTIN J. LEFF is now a develop- 
ment engineer, gasturbine department, 
Lycoming Division, Avco Mfg. Corp. 
He was micro wave technician, U. S. 
Army Signal Corp., Fort Monmouth, 
N. J. 


WILLIAM FISCHER is now senior 
mechanical engineer with Rabinow En- 
gineering Co., Washington, D. C. He 
had been senior mechanical engineer 
with Telautograph Corp. in New York 
City. 


president of the Sterling Division. This 
position he held until his retirement in 
1955. Sternberg was a member of SAE 
for the last 31 years. 


VICTOR A. WEGNER 


Victor A. Wegner, zone manager, Sun 
Electric Corp., Atlanta, Ga., died May 
3. He had just recently joined the 
corporation. 

Wegner attended the University of 
Wisconsin, receiving a BS in Chemistry 
in 1929. Immediately upon graduating, 
he joined Flintkote Co., Atlanta, as a 
chemical engineer. In 1933 he moved 
to Gulf Oil Corp. as an automotive 
sales engineer. He held that position 
until 1956, when he joined Sun Elec- 
tric Corp. 


H. B. MILLER 


H. B. Miller, supervisor, 
service department, Marketing 
sion, Ohio Oil Co., died May 24. 

Miller began working in the auto- 
motive field in 1912 as an apprentice 
machinist for Toledo Bridge & Crane 
Co. In 1915 he joined Willys Overland 
Co. as a tool and die maker. During 
World War I he was a machinist in 
the United States Navy. From 1919 to 
1927 he was co-owner in the Toledo 
Cylinder Regrinding Co. 

He became a partner in the D & M 
Rubber Co. in 1927. Miller joined the 
Ohio Oil Co. in 1933 as automotive en- 
gineer. He was made fleet sales engi- 
neer in 1946, and in 1955 he was pro- 
moted to supervisor of the technical 
service department. He had been a 
member of SAE since 1944. 


WILLIAM A. PREISH 


Lieutenant William A. Preish died 
January 18 at Lackland Air Force Base, 
San Antonio, Texas. 

Preish received his B. S. degree in 
mechanical engineering from Michigan 
State College in 1954. He had been 
an SAE student branch member while 
at college. 

Before joining the Air Force, he was 
an engineer in training at the Central 
Foundry Division, General Motors 
Corp. 


technical 
Divi- 





WHAT GOES ON 


in SAE nationally .. . 


SAE’s Golden-Anniversary-Year president gives his 
up-to-the-minute answer in this brief article. 


C. G. A. Rosen, 
SAE President in 1955 


Excerpts from talk given at SAE North- 
ern California Section, May 23, 1956. 


HAT is SAE planning for the 

benefit of its membership in 
its future outlook and scope? 

Last year (1955) was our 
Golden Anniversary year. It per- 
mitted a critical study of the 
past, in retrospect. It gave op- 
portunity to evaluate the errors 
committed; and underscored the 
advantages and gains achieved. 
These evaluations provided the 
stepping stones to bridge the gap 
to the future and gave impetus 
to clarify that future ... all this 
for the purpose of preparing the 
way for our future generation of 
engineers. 

To achieve these ends there was 
need for careful study of the con- 
cept of SAE’s corporate structure; 
a need to keep it flexible; to live 
with the advancing pace of tech- 
nology; to overcome any resist- 
ance to need for change. This 
encouraged the overhaul of poli- 
cies; the setting up of guideposts 
for Sections, Divisions, and 
Groups; the crystallization of a 
philosophy for serving member 
needs geographically, technically, 
and socially. It also called for a 
new format for an equitable sys- 
tem of granting honors and 
awards. 

These analyses soon empha- 
sized the evaluation of the physi- 
cal service facilities. It indicated 
the need for improved facilities 
at new central headquarters in 
New York. Even though the 
membership growth has been tre- 
mendous, the Headquarters Staff 
increase has been at a minimum. 
The effectiveness of the Staff has, 
therefore, been exceptional in ac- 
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commodating the expansion of a 
system of activities and keeping 
pace with modern technological 
advances. 

The philosophy has been ex- 
pressed that SAE cannot have 
“cast iron pigeon holes” to clas- 
sify the new age of technical serv- 
ice, but must have “rubber expe- 
diting channels,’ flexible to 
changing needs in order to set up, 
progressively, any new or chang- 
ing activity in response to antici- 
pated needs. The future needs of 
SAE membership emphasized flu- 
idity in our organization in order 


to cope with demands. This has 
led to the setting up, by President 
Delaney, of a committee group 
headed by SAE Past-President R. 
J.S. Pigott, charged with the chal- 
lenge of finding solutions to prob- 
lems which will beset us by our fu- 
ture expanding technology. 


New Areas for SAE 


Solutions to these challenges 
are required in knowledge of 
facts, in the ability to disperse 
information, and in the necessity 
for establishing standards and 
nomenclature. 

As an example, let us consider 
the gas turbine. 

We are told, in some quarters, 
that sport cars will be equipped 
with gas turbines within five 
years, that military equipment 
may well be propelled by gas tur- 
bines in a few years. For SAE 
this involves our activities in new 
approaches which must give con- 
sideration to heat transfer, re- 
generators, special materials, 
composition of fuels, the require- 
ments of servicing. The automo- 
tive gas turbine could revolution- 
ize the service station. The abil- 
ity of the gas turbine to digest 
multi-fuels requires a knowledge 
of the limitations of petroleum 
properties to achieve livable 
maintenance values. 

The use of coal as gas turbine 
fuel is an economic necessity for 


MATERIALS ACTIVITY. . . 


will continue to serve automotive engineers; 


welcomes suggestions for papers. 


HE prime function of the Engineer- 

ing Materials Activity is to help auto- 
motive engineers with their particular 
materials problems. This basic phil- 
osophy on which the Engineering Ma- 
terials Activity was founded was reaf- 
firmed during a recent meeting of the 
Activity Committee in Detroit. Papers 
sponsored by the Activity will continue 
to be slanted toward automotive engi- 
neers and not to materials men per se. 

Vice-Chairman for meetings Muir 
Frey pointed out that for the Activity 
to be of utmost service to other Activi- 
ties, it must keep informed on what 
technical problems are most pressing in 
each field. 

The Engineering Materials Activity 
will continue to present papers at in- 


vitation of other Activities at meetings 
and locations where the other Activi- 
ties desire, and whenever possible, on 
subjects requested by these Activities. 

Currently this Activity is scheduled 
to sponsor technical sessions at the 
1956 National Tractor Meeting in Mil- 
waukee, Sept. 10-13; the 1957 Annual 
Meeting, Detroit, Jan. 14-18; the 1957 
Passenger Car, Body, and Materials 
Meeting, Detroit, March 5-7; the 1957 
Production Meeting, Buffalo, March 
20-22; the 1957 Aeronautic Meeting, 
New York, April 2-5; the 1957 Summer 
Meeting, Atlantic City, June 2-7. In 
addition, the Engineering Materials Ac- 
tivity will welcome invitations to pre- 
sent papers at the other 1957 National 
Meetings. 


SAE JOURNAL 





SAE NATIONAL TRANSPORTATION MEETING 


Hotel New Yorker, New York, N. Y. 
October 10-12, 1956 


General Chairman: M. C. HORINE, Consulting Engineer, Mack Trucks, Inc 


Wednesday, Oct. 10 


Subjects covered: Stopping Ability of Motor 
Vehicles Selected from the General Traffic; 
Bus Requirements; Electrical Trends in Mo- 
tor Trucks; and Electrical Equipment—Heavy 
Duty Progress. 


Thursday, Oct. 11 


Papers entitled: A Resumé of Bus Suspen- 
sions; and The Engineer in Fleet Mainte- 
nance. 

Luncheon, 12:00 noon: with talk by Amos E. 
Neyhart, Pennsylvania State University, en- 
titled ““Mechanic Education and Training” 


Friday, Oct. 12 


2 Symposiums: Design for Maintenance; and 
Unusual Vehicles Operating in Alaska. 
Motion Pictures: 30-minute color films illus- 
trating Alaskan operations 


Special Event: 


Wednesday afternoon: Trip to General Motors Training Center, Union, N. J. 
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SAE National Aeronautic Meeting, 
Aircraft Production Forum, and 
Aircraft Engineering Display 


Hotel Statler Los Angeles, Calif. October 2-6, 1956 


Aircraft Sponsor: L, A. CARTER, Douglas Aircraft Co., Inc. 


: Gen. Chr.: H. V. SCHWALENBERG, North American 
Production Forum Adis the. 


October 2-3 Eight all-day panels and six half-day panels relat- 
ing directly to the Forum’s theme—‘‘Manufacturing 
and Engineering Discuss Production Problems of To- 
morrow’s Flight.”’ Panel members have been se- 
lected from the organizations of the customers, 
prime contractors, major subcontractors, and sup- 
pliers. 


° Gen. Chr.: F. H. SHARP, Convair Division, 
Aeronautic General Dynamics Corp. 


Meeting One panel discussion: “‘Icing’’—presenting material 
0 b 4 5 on improved icing simulation methods, problems of 
ctober 4- 


icing simulation, and development of new icing fa- 
cilities. 


Ten technical sessions, morning and afternoon, at 
which 24 papers of importance in the aeronautic field 
will be presented. 


One evening session previewing a Walt Disney mo- 
tion picture showing the historical background and 
peacetime application of nuclear energy. 


Aircraft Chr.: J. H. KINDELBERGER, North American Avia- 


° ° ° tion Corp. 
Engineering Display 
October 2-5 85 Up-to-the-Minute Aeronautical Developments 
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the railroads of tomorrow. An- 
other development which antici- 
pates a rather broad fuel appetite 
is the free piston gas turbine 
combination. Because of lower 
turbine gas temperatures it pro- 
vides the opportunity for utilizing 
steam turbine materials. It also 
yields performance characteris- 
tics similar to those found in hy- 
draulic transmissions. 


Nuclear Power Studied 


Nuclear power is well within 
the scope of our study. No one 
knows when certain break- 
throughs may be of significance in 
utilizing nuclear power in broader 
fields of application. The first 
atomic submarine had available 
a maximum steam temperature of 
600 F, the second unit has 2000 F. 
Who knows the end of the lane 
of this fabulous source of power? 
An SAE committee involving the 
top nuclear scientists in the auto- 
motive industry has been set up 
to study the advancing progress 
and to feed into the SAE blood- 
stream, information and guid- 
ance on nuclear power and the 
application of radio-isotopes to 
industrial pursuits. 


More 


The guided missile projects and 
similar ventures into new hori- 
zons of technological develop- 
ment are well within the prov- 
ince of SAE to evaluate. The 
Subject of automation is para- 
mount in the minds of our pro- 
duction people. At the 1956 Pro- 
duction Meeting in Cleveland, a 
most aggressive and progressive 
program was in evidence. This 
Activity has founded the “Forum” 
idea and its influence is growing 
by leaps and bounds into other 
activities of our Society. Auto- 
mation has introduced a new era 
of cooperation of engineering and 
manufacturing personnel which 
has stimulated the need for an- 
ticipating future tooling changes 
and design modifications as occa- 
sioned by customer demands. 
These influences affect invest- 
ments frozen into multi-million 
dollar production lines. 

The Manhattan project has 
taught industry a new lesson. 
The ancient, but not too far-re- 
moved program of trial and error 
testing, gave way in the Manhat- 
tan project to the necessity for 
research and manufacturing to be- 
gin at the same starting point 


New Horizons 
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Rosen... 


... to give Buckendale Lecture at Chicago on October 9. 


HE 1955 L. Ray Buckendale lecture 

will be given by Dr. C. G. A. Rosen, 
consulting engineer to the president, 
Caterpillar Tractor Co., on October 9, 
at the Knickerbocker Hotel in Chicago. 
The SAE Chicago Section will act as 
host. 

Originally scheduled for presentation 
last year, the lecture was postponed be- 
cause of the illness of Dr. Rosen. 

As L. Ray Buckendale was particu- 
larly interested in developing the latent 
abilities of young engineers, the pro- 
gram is to be directed especially toward 
student and junior engineers. 

Dr. Rosen’s talk will cover “The Role 
of the Turbine in Future Vehicle 
Powerplants,” a topic that should prove 
of particular interest to young engi- 
neers—“the engineers of the future”— 
who will find in this lecture up-to-date 
turbine information not generally 
available in textbooks. 


and to follow parallel lines of 
progress until the ultimate prod- 
uct was achieved. Manufactur- 
ing and engineering are closer 
partners because of the introduc- 
tion of the computer. The com- 
puter has reduced the number of 
possible variables and eliminated 
the necessity for tedious and 
time-consuming methods for can- 
celling arbitrary guesses. 


SAE—Pipeline of Knowledge 


SAE is setting up a pipeline of 
knowledge to compass the en- 
tire technological world. Tech- 
nology has brought our present 
world together as never before. 
We are a “one world” people 
speaking the same technical lan- 
guage. This should initiate a 
world movement in the exchange 
of ideas. Methods to achieve 
rapid transit and rapid communi- 
cation are constantly our goal. 
To acquire the advantages of for- 
eign thinking in our own circles, 
SAE is setting up avenues for the 
exchange of technical informa- 
tion. We hope to expand the 
Forum idea to visitations by for- 
eign engineers. 

In our growing, changing world 
of technology, SAE hopes to keep 
its virile activities matched to the 
pace of progress. In scientific de- 
velopment it plans to envision 
distant horizons by utilizing the 


dedicated leadership of American 
automotive engineering. With 
these essentials, we may expect 
a glorious future. Who will dare 
set limits as to what may be 
reached beyond present horizons? 


Production .. . 


... papers will help small 
manufacturers. 


N the future more technical papers 
sponsored by the Production Activity 
will emphasize the production problems 
of the small and medium-sized manu- 
facturer, it was decided at a recent 
meeting of the Production Activity 
Committee. Particularly in automotive 
areas of the country such as Buffalo, 
in which small and medium-sized com- 
panies predominate, papers will be 
slanted to solve their unique manufac- 
turing problems. 

It was felt that, in general, the small 
manufacturer is particularly interested 
in new processes and methods since 
they offer him greater opportunity to 
compete with large, fully-automated 
manufacturers. 

A processing innovation for produc- 
ing more efficiently and economically 
can make a completely automated line 
obsolete. The small, non-automated 
manufacturer can switch to new meth- 
ods much more readily than the larger 
who has millions of dollars tied up in 
automated lines. 





SAE National Meetings 


1956 


September 10-13 
Tractor Meeting and 
Production Forum 


Hotel Schroeder, Milwaukee, Wis. 


October 2-6 
Aeronautic Meeting, 
Aircraft Production Forum, 


and Aircraft Engineering Display 


October 10-12 
Transportation Meeting 
Hotel New Yorker 
New York, N. Y. 


November 1-2 
Diesel Engine Meeting 
The Drake, Chicago, III. 


November 8-9 
Fuels and Lubricants Meeting 
The Mayo, Tulsa, Okla. 


Hotel Statler, Los Angeles, Calif. 


1957 


January 14-18 
Annual Meeting and 
Engineering Display 
The Sheraton-Cadillac 
and Statler Hotels 
Detroit, Mich. 


March 5-7 
Passenger Car, Body, and 
Materials Meeting 
The Sheraton-Cadillac 
Detroit, Mich. 


March 20-22 
Production Meeting and 
Forum 


Hotel Statler, Buffalo, N. Y. 


Sh sseninciiedeniecinsanasitlintenniiatasipstanpmeiipiatmaenatlindbiciinpiitiplinadidenatiapttindecteail 


CRC Reports on 
Tests for Airframe Lubes 1. High-temperature performance of 


ONSIDERABLE progress has been 
made in developing test techniques 


April 2-5 
Aeronautic Meeting, 
Aeronautic Production Forum, 
and Aircraft Engineering Display 
Hotel Commodore, New York, N. Y. 


June 2-7 
Summer Meeting 
Chalfonte-Haddon Hall 
Atlantic City, N. J. 


August 12-14 
West Coast Meeting 
Olympic Hotel, Seattle, Wash. 


September 9-12 
Tractor Meeting and 
Production Forum 
Hotel Schroeder, Milwaukee, Wis. 


ment of test techniques for measuring 
the following properties of airframe 


lubricants: 


greases for antifriction bearings. 
. Fretting corrosion. 


9 
3. Rust - preventive properties 


for predicting how airframe lubricants 
will perform in service, according to a 
CRC report (CRC-284), “Interim Prog- 
ress Report on Airframe Lubricants.” 

The report covers the first four years 
of activity of the Group on Airframe 
Lubricants of the Coordinating Lubri- 
cant & Equipment Research Commit- 
tee, which was organized to carry out 
this project. The work is being done 
at the request of the military services. 

Progress is reported on the develop- 


92 


greases. 

4. Performance of greases in plain 
bearings. 

5. Performance of greases in screw 
thread and gear mechanisms. 

6. Storage stability of greases. 

In each case, a brief background is 
given and progress to date, together 
with a discussion of areas where more 
work is needed 

The report also gives in detail tenta- 


tive drafts for the following research 
techniques: 

1. Determining Performance Charac- 
teristics of Lubricating Greases in An- 
tifriction Bearings at Elevated Tem- 
peratures (CRC Designation L-35). 

2. Measuring the Effect of Lubricat- 
ing Grease Characteristics on the Mini- 
mizing of Fretting Corrosion on Un- 
shielded Thrust-Loaded Ball Bearings 
(CRC Designation L-36). 

3. Determining Corrosion on Grease- 
Coated Ball Bearings (CRC Designa- 
tion L-34). 


CRC Studies 
Hot-Fuel Properties 


SIMPLE method of predicting tank 

pressures resulting from hot fuel is 
presented in a CRC report (CRC-286), 
“Volatility Characteristics of Aircraft 
Fuels at Elevated Temperatures.” 

This information is needed because 
at high speeds, aerodynamic heating 
raises temperatures to the point where 
some fuels develop excessive vapor 
pressure inside the fuel tank. For ex- 
ample, at 450 F, JP-4 fuel will exert a 
vapor pressure inside the tank of 200 
psia. A heavier fuel, such as No. 2 
furnace oil, on the other hand, will ex- 
ert a pressure of only 17 psia at the 
same temperature. 

Laboratory tests were made in a sim- 
ulated tank, of eight hydrocarbon fuels, 
covering a wide range of volatility and 
representing both fuels now in use in 
aircraft and extending to heavy diesel 
fuel. From these data, a “volatility 
factor” was evolved, which is used in 
calculating the vapor pressure and 
other properties of a fuel at any tem- 
perature. 

The text of the report also contains 
data on specific gravity and the molec- 
ular weight and viscosity of fuel vapors. 

In addition, the volume contains the 
complete test reports of the three com- 
panies participating in this phase of 
the work. They cover: 

1. “Volatility Characteristics of Eight 
Types of Turbine Fuel at Temperatures 
to 450 F.” 

2. “Volumetric Behavior of a Turbine 
Fuel Oil.” 

3. “Phase Behavior of a Modified 
Turbine Fuel.” 

Also included are the detailed vapor 
pressure calculations of two petroleum 
companies. These calculations were 
made to find out if the calculation 
techniques based on the physical fuel 
properties could accurately predict fuel 
vapor pressures at high temperatures. 
The agreement between the calculated 
results and the test results was good. 

CRC-286 contains 181 pp, including 
tables, charts, and graphs. It is avail- 
able from SAE Special Publications De- 
partment. Price: $5 to members, $10 
to nonmembers. 
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CRC Reports on Maximum ON Requirements 


HE final year of a four-year coopera- 

tive program for investigating the oc- 
tane-number requirements of passenger 
cars is covered in a CRC report (CRC- 
287), “Octane-Number Requirement 
Survey—1954.”’ 

The 1954 program included a statisti- 
cal survey of 1950-1954 model cars and 
a survey of the requirements of nine 
1954 makes having engines and trans- 
missions of new design. 

Requirements at selected engine 
speeds were obtained on an optional 
basis and thus were determined for 


the corresponding percentages were 14 
and 18%, respectively. 

6. The percentages of cars reported 
to be spark-knock and surface-ignition 
limited are given in Table 2. 

7. Of all the cars for which owner 
reports were available 17% of the cars 
tested by the observers in the East gave 
noise on the tank fuel. The owners re- 
ported noise in 10% of the cars. In the 
Central and West Coast areas the cor- 
responding figures were 34% and 29%. 

8. Despite the fact that the average 
Research method ratings of the pre- 


preciably higher than for the Central- 
West Coast area cars, no differences in 
requirement distribution between cars 
in the two areas were found in the sta- 
tistical survey. 

9. The Research and Motors method 
ratings of the tank or optional fuels 
giving borderline noise in 91 cars were 
compared with the maximum require- 
ments of these same cars measured 
with full-boiling-range reference fuels. 
Requirements measured with full-boil- 
ing reference fuels approximated those 
assigned with the commercial gasolines 

10. The average hill correction, de- 
fined as the difference between the 
maximum octane-number requirements 
measured under hill and level-road 
conditions, were 2.2 using primary and 


mium- and regular-grade tank fuels 
found in the Eastern area cars were ap- 


1.9 using full-boiling-range reference 
fuels. These corrections are about the 


only a limited number of cars. The 
1954 survey, therefore, deals entirely 
with maximum octane-number require- 
ments. 

Twenty-six laboratories 
data on 512 cars of 18 makes. 
223 were 1954 models of nine makes 
tested because of special interest in 
new-design engines or transmissions 
The balance were tested to determine 
the distribution of octane-number re- 
quirements of 1950-1954 model cars 
weighted according to national regis- 
ration figures. 

Here are the findings of the report, 
in brief: 

1. Maximum octane-number require- 
ments (expressed as the Research and 
Motor method octane numbers of the 
reference fuels giving borderline noise 
—defined as combustion noise due to 
spark knock or surface ignition, which- 
ever was limiting) are summarized in 
Table 1. 

2. The maximum requirement in 
terms of primary reference fuels to sat- 
isfy 50% of the 1950-1954 models was 
about 2.5 octane numbers higher than 
the requirement of the 1946-1951 mod- 
els as determined in the 1951 statistical 
survey. A similar increase in require- 
ment was found using full-boiling- 
range reference fuels. 

3. The primary reference fuel re- 
quirement at the 50% satisfied point 
for the 1950-1951 models tested in the 
1954 survey was about 2.5 octane num- 
bers higher than the requirement for a 
similar group of 1950-1951 models 
tested in 1951. 

4. Data were available from the 1953 
survey for four of the nine makes des- 
ignated as new design in 1954. Re- 
quirements with primary reference 
fuels for the 1954 models of make G 
were 3-4 octane numbers lower than 
for the 1953 models. For makes S, L-2, 
and K the requirements for the 1954 
models did not differ significantly from 
the requirements of the 1953 models. 

5. The owners reported data on the 
tank fuel in 285 of the 305 cars in the 
statistical survey. Of these 285 cars 
27% of the owners reported combustion 
noise with the tank fuel while 33% of 
the cars were found to give noise by the 
test observers. In the new-design cars 


submitted 


Of these, Table 1—Maximum Octane-Number Requirements 


Octane Number for Indicated 
% Satisfied 
50% 90% 
CR» PR CR 
Statistical Survey 
1950-1954 Models 
86.5 90.5 92.0 
80.0 90.5 83.5 
New-Design Cars 
1954 Models 
92.0 94.0 
83.5 94.0 


91.5 92.5 
83.0 92.5 
89.0 90.5 
81.5 90.5 
87.5 90.0 
80.5 90.0 
87.0 88.0 
80.5 88.0 
86.5 90.0 
80.0 90.0 
85.5 88.0 
79.5 88.0 
84.5 89.5 
78.5 89.5 
84.5 87.0 
78.5 87.0 


No. 


Make Tested 


305 Research 
Motor 


91.0 
91.0 
90.0 
90.0 
87.5 
87.5 
87.0 
87.0 
85.5 
85.5 
85.5 
85.5 
84.5 
84.5 
83.5 
83.5 
83.5 
83.5 


94.0 
84.5 
93.5 
84.0 
91.0 
82.5 
91.5 
83.0 
89.5 
82.0 
91.5 
83.0 
89.0 
81.5 
92.0 
83.5 
88.0 
81.0 


22 Research 
Motor 
25 Research 
Motor 
25 Research 
Motor 
22 Research 
Motor 
26 Research 
Motor 
25 Research 
Motor 
25 Research 
Motor 
24 Research 
Motor 
29 Research 
Motor 
Primary reference fuels. 
Full-boiling-range reference fuels. 


Table 2—Percentages of Cars Spark-Knock and 
Surface-Ignition Limited 


Reference Fuel Type 


amt iichigae 
Statistical Survey Primary Full-Boiling Tank Fuel# 
% Spark-Knock Limited 94 91 87 
% Surface-Ignition Limited 6 9 13 


New- Design Cars 
% Spark-Knock Limited 96 93 91 
% Surface-Ignition Limited 4 7 9 


Includes only those cars giving noise on the tank fuel. 
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Technishorts . . . 


HYDRAULIC HOSES—Minimum burst pressure of SAE 100R1 and 
1002R hoses in the %4 to '% in. sizes has been increased to bring allow- 
able pressure to values proved in service. Values for SAE 100R1 have 
been increased 1000 psi, so that they are 11,000 psi for the %4 in. ID 
hose, 9000 psi for the %¥g in. ID hose, and 8000 psi for the % in. ID 
hose. Values for the SAE 100R2 hose have been increased 2000 psi, so 
that they are 20,000 psi for the % in. ID hose, 16,000 psi for the % 
in. ID hose, and 14,000 psi for the % in. ID hose. 


CARBURETOR FLANGES—To the SAE Standard on Automotive 
Carburetor Flanges has been added (1) a new type of air horn flange 
utilizing a center stud air cleaner attachment and (2) dimensions for 
four barrel carburetors. These revisions bring the standard in line 
with present practice. 
SHEET STEEL TERMS—tThe following nomenclature has been 
standardized for designating sheet steel surface qualities: 
“E” for Exposed Parts. For steel with the greatest usage and the 
better finish. Exterior finish of exposed parts is more critical 
than that of unexposed parts. 
For steel with interior finish where 
steels. 


“U” for Unexposed Parts. 
defects are permitted that cannot be tolerated in “E”’ 


The need for this nomenclature grew out of a confusion that ex- 
isted with regard to cold rolled sheet steel. The confusion was 
brought about because two of the largest users employed the same 
letter symbols, but to denote exactly opposite meanings in identifying 
body part requirements. The newly standardized symbols were found 
to be agreeable to both steel users and producers before being pro- 


posed to the SAE Iron and Steel Technical Committee. 


same as those observed in the 1953 sur- 
vey. 

11. The percentage of the new-de- 
sign model cars which gave maximum 
knock at part throttle varied from 5% 
for make L-3 to 73% for make S. 

CRC-287 contains 91 pp., including 
graphs, charts, and tables. It is avail- 
able from SAE Special Publications De- 
partment. Price: $4 to members, $8 to 
nonmembers. 


CRC Releases 
Ten New Reports 


The following Coordinating Research 
Council reports have been released for 
distribution and are available from SAE 
Special Publications Department. 

(This is a complete list of CRC re- 
ports released since publication of the 
listing of CRC reports on page 96 of 
the March, 1955 SAE Journal.) 


Aviation Fuels 
Detonation-Laboratory 


CRC-282—Investigation of Motor 


94 


Grade Fuel as a Potential Fuel for 
Light Aircraft (10/53, revised 1/55). 
Priced at $1.00 to SAE members; $2.00 
to nonmembers. 


Volatility 
CRC-286—Volatility Characteristics of 
Aircraft Fuels at Elevated Tempera- 
tures. Priced at $5.00 to SAE mem- 
bers; $10.00 to nonmembers 


Diesel Fuels 


CRC-288—A Survey of Available In- 
formation on the Deposit-Forming 
Characteristics of Diesel Fuels and En- 
gines, March 1955. Priced at $5.00 to 
SAE members; $10.00 to nonmembers. 


CRC-291—Significance of the Cetane 
Number of Diesel Fuels (8/55). Priced 
at 50¢ to SAE members; $1.00 to non- 
members. 

CRC-292—Report on Fuel-Scale Field 
Service Tests of Railroad Diesel Fuels 
(11/55). Priced at $5.00 to SAE mem- 
bers; $10.00 to nonmembers. 


Motor Fuels 


Detonation Full-Scale 


CRC-287—Octane Number Require- 
ment Survey (1954). Priced at $4.00 to 


SAE members; $8.00 to nonmembers. 


Detonation 


CRC-293—Correlation of Road Anti- 
knock Ratings in Octane Number Re- 
quirement Survey Cars in Test Cars— 
Part II, September 1955. Priced at 
$1.00 to SAE members; $2.00 to non- 
members. 

Volatility 


CRC-283—Effect of Fuel Volatility on 
Crankcase Oil Dilution (2/54). Priced 
at $1.00 to SAE members; $2.00 to non- 
members. 

CRC-289—Passenger Car Hot Weather 
Fuel Handling Difficulties, Indio, Cali- 
fornia, 1953. (12/55). Priced at $5.00 
to SAE members; $10.00 to nonmem- 
bers. 


Lubricants 


CRC-284—Interim Progress Report on 
Airframe Lubricants (6/54). (Copies 
no longer available.) 


Fuel Volatility Affects 
Crankcase Oil Dilution 


RANKCASE oil dilution increases as 
the fuel 90% point is raised, accord- 
ing to a CRC report (CRC-283) entitled 
“Effect of Fuel Volatility on Crankcase 
Oil Dilution.” The report points out, 
further, that the magnitudes of the di- 
lution obtained by the five participat- 
ing laboratories appear to vary some- 
what for corresponding 90% points. 

None of the laboratories reported 
mechanical difficulties with the higher 
boiling fuels, although poor warmup 
was observed with the heavier gaso- 
lines. 

The report states that the data ob- 
tained are in general agreement with 
earlier work on the effect of fuel vola- 
tility on crankcase oil dilution reported 
in the CRC Handbook, 1946, p. 134. It 
also agrees with the earlier work car- 
ried out by the Bureau of Standards 
for the Cooperative Fuels Research 
Steering Committee. 

Because of the lack of data on the 
effect of engine make, the report does 
not give any conclusions on the effect 
of engine make on the dilution. 

The 23-p. report gives the data de- 
veloped by each of the five laboratories. 
as well as a summary of results. It 
also contains the “Method of Test for 
Dilution of Crankcase Oils by Partial 
Pressure Distillation” and excerpts 
from the CRC Report “Review of Exist- 
ing Pertinent Data on the Influence of 
Upper Boiling Range on the Perform- 
ance of Motor Fuels.” 

CRC-283 is available from SAE Spe- 
cial Publications Department. Price: 
$1 to members, $2 to nonmembers. 
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.-- Electrical 
.-» Mechanical 


CHALLENGING OPPORTUNITIES 
To men with a degree and 
an interest in 


GYRO 


ASSEMBLY 
and TEST 


Engineers who have a personal interest in 
precision mechanisms, where a high degree 
of accuracy is required ... men with pride 
in the precision of the product they help 
build. 

You will constantly be doing development 
work and testing in one of the most versa- 
tile Laboratories in the country...working 
with the top men in the field and with the 
finest test, research and development facili- 
ties. We are in the process of a Major, Per- 
manent, Expansion Program. New plant 
facilities being added in suburban Milwau- 
kee area. 


To aid you in your professional advance- 
ment AC will provide financial assistance 
toward your Master’s degree. A Graduate 
Program is available evenings at the Uni- 
versity of Wisconsin, Milwaukee. 

GM's Electronics Division aggressive posi- 
tion in the field of manufacture and GM’s 
long-standing policy of decentralization 
creates individual opportunity and recog- 
nition for each Engineer hired. 


Recent EE,ME 
Graduate Inquiries 
Also Invited 
e 
Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat- 
ing, big league baseball and every shopping 
and cultural advantage is yours for the 

taking. 
To arrange personal, confidential interview 


in your locality send full facts about your- 
self today to 


Mr. John F. Heffinger 
Supervisor of Salaried Personnel 


ats telke 
Pr BC eed aoe 
Milwaukee 2, Wis. 
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Dynamic Threat 
Creates Defense Race 


r by 


MAJOR-GEN. FREDERIC H. 
SMITH, JR. 
“an tir nta Air [ fan 

HERE are three essentials to an 

overall continental defense system to 
make it effective. 

The first of these is an early warning 
system to announce the approach of 
enemy aircraft. We must know as 
soon as possible after take-off that 
bombers are en route toward this con- 
tinent. 

The second requirement is a surveil- 
lance capable of detecting and follow- 
ing with accuracy ali approaching 
bombers. Since this must extend as 
far from our shores as possible, there 
is needed a combination of radars, 
fighter-interceptors, and long-range 
interceptor missiles on the weapons 
side 

The third need is local defense at our 
most vital targets. This calls for the 
deployment of a large number of short- 
range missile batteries to attack those 
bombers getting through the area 
weapon defense. (Paper “Your Air 
Defense’”’ was presented at SAE South- 
ern California Section Meeting, May 9, 
1955. It is available in full in multi- 
lith form from SAE Special Publica- 
tions Department. Price: 35¢ to mem- 
bers, 60¢ to nonmembers.) 


Problems of Using Torque 
Converters in Excavators 


on paper by 


P. |. SWANSON and J. H. MEIER 


Bucyrus-Erie Co 


HERE are many types of torque con- 

verters as well as engines, flywheels, 
governors, and clutches offered for ex- 
cavator service. The best transient per- 
formance is obtained by selecting com- 
ponents which will keep power losses 
following rapid acceleration of load to 
a minimum. These losses are caused 
by the energy required for engine ac- 
celeration and by lower torque-con- 
verter efficiency during transient pe- 
riods. 

The use of torque converters in ex- 
cavating machinery presents certain 
problems which differ from those usu- 
ally encountered in other industrial 
applications in that the load imposed 
by an excavator on its powerplant 
varies rapidly over a wide range. For 
instance, when digging blasted rock, 
load increases sharply when the dipper 
meets a large boulder, and then de- 


PARK “DIE-FORGED” 


CRANKSHAFTS 


help power the 
trains of tomorrow 


The new entries in the lightweight 
train race are designed to solve 
the problem of mounting deficits 
in passenger operation by cutting 
original, operating and mainte- 
nance costs. 

Park Drop Forge is proud that 
Park “Die-Forged” Crankshafts 
are specified for the diesel engines 
that power these trains of 


tomorrow. 


HEAVY DIE FORGINGS SINCE 1907 


Diesel Crankshafts up to 4000 Ibs. 
Crankshafts and Connecting Rods 
Aviation and Marine Drop Forgings 


THE PARK 


DROP FORGE CO. 
Cleveland 3, Ohio 





FIGHT VIBRATION | WITH VIBRATION 


How many jobs can a 
vibration exciter do? 


—— SYSTEMS can help you 
in at least five important ways. 


Fatigue testing. Shakers have 
both the range and capacity to 
determine fatigue limits of struc- 
tural members, assemblies, air- 
craft wing and tail structures. 
Peak forces of up to 25,000 
pounds are now obtainable with 
MB Exciter Systems. 


Environmental vibration testing to 
MIL-E-5272 and other govern- 
ment specifications. This is most 
important now for assuring reli- 
ability of performance in military 
production. But the same tech- 
niques can be used also to im- 
prove all types of products. 


Noise. Just where in a product 
does it come from and how to 
eliminate it? An MB shaker helps 
pinpoint the disturbance by let- 
ting you vibrate the product 
through a whole range of fre- 
quencies with the twist of a dial. 


Complex wave testing, including 
random motions. This is some- 
thing new! It subjects a specimen 
to the same kind of vibration as 
that encountered in actual serv- 
ice. MB electrodynamic shaker 
systems offer the frequency 
range, high acceleration, and 
freedom from distortion needed 


for this kind of job. 


Production and Quality Control. 
Your ideas are needed here. For 
example: Someone discovered 
that size of fine powder particles 
which sift readily through a 
screen varies with the screen’s 
frequency of vibration. Permit- 
ting easy control of frequency, 
an MB shaker is capable of 
working on a production line! 
Tubes too are being production- 
tested with MB Exciters. 

If you need help in putting vi- 
bration exciters to work, get in 
touch with MB... . leading pro- 
ducer of vibration test equipment. 


manufacturing company 


A DIVISION OF TEXTRON INC. 


1060 State Street, New Haven 11, Conn. 


HEADQUARTERS FOR PRODUCTS TO ISOLATE... EXCITE... 


AND MEASURE VIBRATION 


creases to near zero if the dipper slides 
over it or the boulder breaks loose. 

It’s highly desirable to have maxi- 
mum power while the excavator digs 
in the bank. Most other operations re- 
quire less than full power. Power may 
be lost from any of the following fac- 
tors: 

. Decrease in engine efficiency dur- 
ing periods of deceleration. 

2. Slow governor action. 

3. Decrease in torque converter effi- 
ciency due to changes in loads and 
speeds. 

. Power from burning fuel going 
into engine acceleration during 
transient periods. 

Performance is also affected by the in- 
ertia of the rotating masses on both 
sides of the converter. 

The Bucyrus-Erie Co. conducted 
tests in the field of an excavator 
equipped with a torque converter. The 
performance of the engine during 
transient loads was observed under 
various conditions. This information, 
plus the effect of an engine governor, 
the internal losses in the torque con- 
verter during changes in loads, and 
the effect of flywheel inertia on tran- 
sient performance is recorded in the 
paper “Effect of Rapid Load Changes 
on Torque Converter Performance,” 
which was presented at SAE Golden 
Anniversary Tractor Meeting, Milwau- 
kee, Sept. 13, 1955. Complete paper is 
available from SAE Special Publica- 
tions Department. Price: 35¢ to mem- 
bers; 60¢ to nonmembers. 


Multigrade Oils Help 
Reduce Deposits, Knock 


rnt 
t 


JOHN G. MOXEY, JR. 


E have recently seen a general in- 

crease in horsepower, compression 
ratio, and octane requirement in pas- 
senger cars. These cars are much 
more sensitive to combustion-chamber 
deposits, knocking, and preignition. 
Since lubricating oil deposits are an 
important factor in these respects, it is 
desirable to do everything possible to 
reduce the deposit-producing tendency 
of motor oils. Multigrade oils are a 
very successful solution to this problem. 
The use of these oils reduces the ulti- 
mate octane requirement increase by 
several numbers. As would be expected, 
the greatest benefit is obtained when 
using multigrade oils in an engine from 
the beginning. Prevention of combus- 
tion-chamber deposits extends the 
period of new car power and pep. 

Modern driving habits in the United 
States are not particularly favorable to 
optimum engine conditions. About 
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HIRST. inn / Y25 with stationary vane, 


centrifugal-type air cleaner 


HRT, Wn fA YZ wits oil-wetted-type 


air cleaner 


Me OW: FIRST. AGAIN with a new 


development that takes less underhood space, 
yet gives full oil-bath-cleaner life! 


AC’s laboratory on wheels can be at your plant in a matter 

of hours. Its staff of AC engineers will work closely with you Q U A L T Y 

to develop air cleaner and carburetor intake silencer combina- 

tions that match the exact requirements of each new engine. P R O D U C T S 
Tape recordings of intake noises are made in the mobile 

laboratory. They are then played back and metal forming 

equipment permits the on-the-spot development of an intake 

silencer tailored perfectly to the new engine. AC SPARK PLUG 

Call any one of the AC offices. Our facilities, skill and experi- THE ELECTRONICS DIVISION OF GENERAL MOTORS 
ence can be of great assistance in development work in your 


shop. Let AC ingenuity work for you. FLINT — 1300 North Dort Highway 


CHICAGO — Insurance Center Building 
DETROIT — General Motors Building 


ADAPTERS (ORIVE) * AIR CLEANERS © AIR CLEANERS AND SILENCERS (COMBINATION) * AMMETERS © BREATHERS (CRANKCASE) * CAPS (RADIATOR PRESSURE) © FLEXIBLE SHAFT ASSEMBLIES * FUEL PUMPS * FUEL AND 
VACUUM BOOSTER PUMPS (COMBINATION) © FUEL FILTERS & STRAINERS * GASOLINE STRAINERS * GAUGES—AIR (PRESSURE) * GAUGES—GASOLINE * GAUGES—OIL (PRESSURE) * GAUGES—TEMPERATURE (WATER, OIL) © OML 
FILTERS (LUBE) * PANELS (INSTRUMENT) * RECIPROCATING VACUUM PUMPS © ROTARY VACUUM PUMPS © SPARK PLUGS * SPEEDOMETERS * TACHOMETERS * TERMINALS (IGNITION WIRE) * VALVES (CRANKCASE VENTILATION) 
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38% of all trips are less than 3 miles 
one way. Over 62% of all trips are less 
than 13 miles one way. Much of this 
is under traffic or suburban driving 
conditions. This type of driving is con- 
ducive to building up combustion- 
chamber deposits. The reduced tend- 
ency toward deposits by multigrade oils 
is thus quite important in high com- 
pression engines. 

The average trip mileages 
above have other important effects 
Depending on the weather, it requires 
6-12 miles of driving to warm up an 
engine fully This is entirely aside 
from the fact that the temperature 


given 


gage will show normal coolant tempera- 
ture in a relatively short time. When 
not fully warmed up, an engine is sub- 
ject to condensation of water and fuel 
combustion acids. These contribute 
markedly to rust, wear, and harmful 
deposits. These problems are not 
solved by multigrading. A reliable 
multigrade oil must gain protection by 
the use of additives similar to any other 
top-quality motor oil. It may have spe- 
cial additives to combat deposits, neu- 
tralize acids, prevent rust, and keep 
wear ata minimum. In the latter case. 
the higher valve spring pressures and 
loads in newer engines have posed an 


it yout wove / 


WAUSAU 


HAS THE INSERTS... 


No. 2 Developed especially for die-cast 
Similar expan- 
seats tight in 


aluminum alloy engines. 
sion Ted To Es 
block. 


characteristic 


No. 3 Premium quality cobalt tungsten 
chrome alloy for Diesel and gasoline en- 
gines. Dissipates heat, will not crack or 
loosen, high corrosion resistance, high 
impact resistance. 


PT toi a 
Tay 


No. 4 Highest quolity bi-metal 
Standard of quality for almost 
heavy duty engine application. 


WAUSAU MOTOR PARTS CO. ©* 2200 


No. 7 High chrome content 

hard seat for heavy duty gasoline en- 
gines. Economicol, but high in impact 
ond corrosion resistance, 


| 
Taobao lt) 
Teel olelol 
tractors 


Molybdenum alloy cast iron seat 
strength at cost. Easily 
to air-cooled engines and 


ee 


You can “move” in any direction 
in this line of valve seat inserts . 

choose from special alloyed cast 
iron, alloyed steel, bronze or bi- 
metal in flange, throat, threaded 
or conventional designs. Whichever 
way you “jump” you land safely 
with a valve seat proved in service 
by scores of leading engine build- 
ers who have specified Wausau in- 
serts for many years. Metallurgi- 
cal and design data on request. 


HARRISON ST. WAUSAU, WIS. 


entirely new wear problem. Multigrade 
oils may also contain an additive ef- 
fective in preventing excessive valve 
lifter and cam wear 

The use of multigrade oils of good 
quality provides benefits which are 
readily apparent to the driver. Ease of 
starting is particularly evident. En- 
gine freedom and improved pep during 
warm up are easy to observe. A later 
benefit, but one which is quite notice- 
able, is the reduction in knocking tend- 
ency of the engine. All of these in- 
crease the owner’s satisfaction in his 
car. In many cases, the use of multi- 
grade oils can be even more important 
Some cars, because of individual char- 
acteristics, design, or use, cannot have 
freedom from combustion knock except 
by the use of oils which produce a very 
minimum of combustion-chamber de- 
posits. An owner of such a car is very 
easy to convince that the additional 
expense is well worth while. (Paper 
“Multigrade Oils” was presented at a 
meeting of the SAE New England Sec- 
tion, Cambridge, Mass., Nov. 1, 1955 
It is available in full in multilith form 
from SAE Special Publications Depart- 
ment. Price: 35¢ to members, 60¢ to 
nonmembers.) 


Dry-Type Air Filter 


Has Many Applications 


paper by 


HERBERT R. OTTO, JR. 
and 
JOHN C. COX 


HE heart of the positive dry-type 
micronic air filter is the filter med- 

ium. This is a phenolic impregnated 
cellulose fibrous material. The porosity 
and resin impregnation can be con- 
trolled so that, although having a high 
degree of porosity, particles as small as 
one micron are filtered out. 

In the positive dry-type filter the ail 
passes directly through the filter med- 
ium to leave the particles of dirt be- 
hind. This is in contrast to the type 
which relies on baffles or other restric- 
tions to cause the air to bounce around 
corners and drop dirt particles on the 
way. 

Aside from automotive application, 
the positive type is being used on air 
compressors and promises to play a role 
in the field of ventilating and air con- 
ditioning. ‘(Paper “Dirt Proofing En- 
gines with Positive Air Filtration” was 
presented at SAE Metropolitan Section 
Meeting, New York, Dec. 14, 1955. It 
is available in full, in multilith form, 
from SAE Special Publications Depart- 
ment. Price: 35¢ to members, 60¢ to 
nonmembers.) 
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Sealed Engine 
Just Around the Corner 


CARL T. DOMAN 


HE charge has been made that mod- 

ern vehicles are hard to service be- 
cause engineers spend their time at the 
drawing board and in the dynamom- 
eter room and are rarely in the garage 
with a wrench in hand. The charge 
once had some foundation, but today 
the automotive engineer is much more 
appreciative of service problems. 

In designing powerplants, the engi- 
neer is now striving toward a sealed 
unit which will require no serious me- 
chanical attention over the life of the 
vehicle or until the engine should be 
replaced with a new one. Some of the 
major parts suppliers are predicting 
the advent of the sealed engine in a 
very few years and current models in- 
dicate we are well on our way toward 
this objective. (Paper “Service is Our 
Business” was presented at SAE Wich- 
ita Section Meeting, Nov. 18, and SAE 
Pittsburgh Section Meeting, Nov. 22, 
1955. It is available in full in multi- 
lith form from SAE Special Publica- 
tions Department. Price: 35¢ to mem- 
bers, 60¢ to nonmembers.) 


Specialized or Basic 
Engineering Education 


Wer 
Ve} 


T. L PREBLE 
E. C. EASTON 
MURRAY SIMKINS 
M. C. HORINE 


R. L. 


k 


STANLEY 

NGINEERING school curricula can 

stand some modernizing according to 
representatives of industry at this sym- 
posium. They urged more specialized 
education so graduates can be immedi- 
ately useful and productive. But edu- 
cators responded with the contention 
that a basic engineering training is all 
that industry can properly expect in 
the limits of time normally available. 

Transportation-minded industry rep- 
resentatives especially favored special- 
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ized training in colleges so engineer 
graduates can cope with practical 
problems after graduation. This, they 
think, can be achieved only by ruth- 
lessly weeding out dead wood from the 
curriculum. 

For example, surveying may afford 
excellent mental discipline as well as 
healthful outdoor exercise. But it may 
be omitted from a curriculum in favor 
of such things as nuclear phenomena 
which will help complete the automo- 
tive engineer’s technical education 

The curriculum, it was suggested, 
should include chemical, electrical 


Withstands prolonged engine 
SL Lt et 


— Laughs at fatigue, wear and breakage. 


WAUSAU MOTOR PARTS CO. ® 


metallurgical, hydraulic, and electronic 
courses—as well as the basic mechan- 
ical engineering. In certain areas of 
each of these specialized divisions, the 
transportation engineer requires knowl- 
edge beyond the usual scope to meet 
the special requirements for his own 
field. 

For instance, he should understand 
the principles and practices of the me- 
chanical engineering that go into the 
design and production of his vehicles. 
And he should be familiar with the 
chemical and thermodynamic phases 
of petroleum in so far as they affect 


— 27% greater impact resistance than 
ordinary compression rings. 


“Ageless."’ Maintains its excellent 
stability and physical properties indefi- 
Lhe 


For heavy duty commercial vehi- 
cles and engines subjected to heavy 
work loads under difficult operat- 
ing conditions... . this is the ring 
you want. Produced from an ex- 
clusive alloy formula HT-100 is 
a “he-man” of a ring... a “brute 
for punishment” . . . able to func- 
tion effectively under almost un- 
believable conditions. Remarkably 
tough yet ‘smooth as silk” HT-100 
reduces cylinder wear while at the 
same time sealing effectively. 
Write for Technical 

Bulletin #100. 


2200 HARRISON ST. WAUSAU, WIS. 





the fuels and lubricants which he uses. 

But technical competence is not 
enough This specialized education 
must include technical know-how com- 
bined with an understanding of eco- 
nomics and management 

Educators, on the other hand, were 
a unit in feeling that basic engineering 
principles are most important to the 
engineer’s development. Such an edu- 
cation, they pointed out, provides a 
sound basis on which industry can and 
does develop specialists through sup- 
plemental on-the-job training. 

A college curriculum, the educators 
urged, must consist largely of basic 
principles. Material which is purely 
descriptive of current practice and 
which does not relate that practice to 
the underlying basic principles is not 
suitable. 

Educational philosophy today de- 
mands an engineering curriculum 
which can produce a graduate capable 
of doing good engineering work 
throughout his lifetime. The goal of 
this engineering education is mastery 
of the fundamental scientific principles 
associated with any branch of engi- 
neering. The engineer’s use of this 
knowledge is shaped by his company on 
the basis of its own experience and re- 
quirements. (Symposium “Education 
for Automotive Engineering” was pre- 
sented at SAE Annual Meeting, Detroit, 
Jan. 10, 1956. It is available in full in 
multilith form from SAE Special Pub- 
lications Department. Price: $1.00 to 
members, $2.00 to nonmembers.) 


Tests Throw Light 
On Dynamic Store Loads 


S. B. PFEIFFER 


3 af Co., inc 
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IGHT-WEIGHT stores are subject to 

higher acceleration than at present 
specified for determining the strength 
of airborne stores and suspension sys- 
tems in landing conditions. While this 
discrepancy may not result in damage 
to the store suspension system, which 
may be critical for the heavier stores, it 
can result in service damage to the 
stores themselves or components car- 
ried therein. This fact is borne out by 
Douglas service experience. 

The range of test data on dynamic 
store loads from landing is extremely 
limited and cannot outline a strength 
envelope for the many existing physi- 
cal configurations. 

Comparative tests show that the drop 
test provides a good example of some 
of the peak loads occurring during the 


life of the airplane. For a given con- 
tact velocity, airplanes in service equal 
or exceed the axial gear loads received 
in a drop test. Hence, the store loads 
obtained by these tests should be ex- 
pected to be equal to, or less than, 
those which might occur in service. 

A parametric study aimed directly at 
store loads from landing would provide 
extremely useful imformation by de- 
termining the relative importance of 
the various factors involved in dynamic 
store loads from landing. (Paper 
“Dynamic Landing Loads on Stores” 
was presented at SAE Golden Anniver- 
sary Aeronautic Meeting, Los Angeles, 
October 13, 1955. It is available in full 
in multilith form from SAE Special 
Publications Department. Price: 35¢ 
to members, 60¢ to nonmembers.) 


Turbojets Promise 
Reasonable Upkeep 


V. L. SCHATZ 
A. L. WYNN 


and 
R. W. REMKE 


NALYSIS of military experience with 

turbojet engines for the purpose of 
deriving estimates of cost to support 
future engines of this type in commer- 
cial aircraft indicate the costs to be 
both reasonable and predictable. 

When the reasons for sending en- 
gines to major overhaul are compared 
for three models (Fig. 1), foreign ob- 
ject damage is found to be the biggest 
single cause. On the face of it, the 
-arliest model suffers the least, and 
the latest model the most, from this 
damage, but this cannot be interpreted 


MAJOR OVERHAULS 
BY REASON FOR REMOVAL 


PER CENT OF TOTAL 


ENGINE ENGINE ENGINE 


Fig. 1—Comparison of three turbojet engine 
models on the basis of reasons for sending them 
to major overhaul. 


To the 
ENGINEER 


of high 
ability 


Through the 
efforts of engineers 
rhe Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields. 
Among them are: 
air-conditioning 
pressurization 
heat transfer 


pneumatic valves and 
controls 


electronic computers 
and controls 


turbomachinery 


The Garrett Corporation is also 


applying this engineering skill to the 


vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 

industrial products 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 

are now open tor aerodynamicists 

. mechanical engineers 

. mathematicians... specialists in 
engineering mechanics... electrical 
engineers... electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resumé 
of your-education and experience. 


Address Mr. G. D. Bradley 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 


DIVISIONS 
AiResearch Manufacturing, 
Los Angeles 
AiResearch Manufacturing, 
Phoenix 

AiResearch Industrial 
Rex — Aero Engineering 
Airsupply — Air Cruisers 

AiResearch Aviation 
Service 
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Nobile gas turbine power cart 


takes only 30 seconds to start giant B-52 jet engines 


The AiResearch MA-1A mobile gas 
turbine compressor, the first unit of 
its kind qualified by the Air Force to 
start the intercontinental B-52 bomb- 
ers of the Strategic Air Command, 
is now in volume production at the 
AiResearch Manufacturing Division 
of Arizona. 

Entirely self-contained, it furnishes 
acompletely automatic source of com- 
pressed air power at the point of use. 
All components, parts and accessories 


are included in the fully-enclosed 
weather-proofed trailer. 

The mobile unit weighs only 1150 
pounds and may be controlled either 
from the instrument panel or from a 
remote control panel. It will start and 
maintain continuous operation at 
ambient temperatures ranging from 
—65°F to 130°F, together with the 
other extremes of environmental 
conditions encountered at airports 
throughout the world. 


The two-stage gas turbine compres- 
sor may be removed easily from its 
trailer for use in other vehicles or as 
a stationary unit. It has an output 
capacity of 120 pounds per minute 
flow at 50 psia...enough power to 
meet all ground service needs for a 
modern airplane. 

Write to our Sales Planning De- 
partment for further information on 
this product. 

Qualified engineers are needed 
now. Write for information. 


THE CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


Designers and manufacturers of aircraft systems and COMpPoneNts: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


CABIN PRESSURE CONTROLS * WEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 


CABIN AIR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + 
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as indicating an increasing incident 
rate. The comparison actually points 
out the effect of increased minor re- 
pair facilities. 

The “-11” engine accumulated much 
of its experience when minor repair 
facilities for the J-47 were much less 
extensive than they are now. Many 
engines went to major overhaul for 
troubles other than foreign object dam- 
age which can now be corrected at the 
minor repair level. Since foreign ob- 
ject damage which can be corrected at 
minor repair level is still quite limited. 


o 


these engines are going to major over- 
haul, thus explaining the higher per- 
centages for the latest engines. 

The analysis proves that care must 
be taken in using military experience 
as a basis for estimates because of the 
severe penalties imposed on engine and 
engine parts life. Aircraft are sub- 
jected to many touch-and-go landings 
during training; certain engine parts 
suffer thermal shocks during the shut- 
down and relight of practice air starts, 
while low engine utilization means 
more engines to support a given pro- 
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year reputation for top quality 


these protect your investment 


Tubes are bonded to flanged baffles, to eliminate 
vibration wear 
Tube joints are rolled, for permanently tight 


Copper and copper alloys are used throughout, 
for long service life 


and 4-pass 
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fixed-bundle models available on special order 
Removable-bundle types soon in production 
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gram with consequent difficulty in 
keeping engineering changes incorpo- 
rated in the engine. (Paper “Jet En- 
gines—What Price Power?” was pre- 
sented at SAE Annual Meeting, Detroit, 
Jan. 11, 1956. It is available in full in 
multilith form from SAE Special Pub- 
lications Department. Price: 35¢ to 
members, 60¢ to nonmembers.) 


Data Show Need 
For Better Lab Tests 


T. F. DAVIDSON 
and 
LT. Jj. H. WAY 


5 AF 
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NDER controlled conditions, labora- 

tory tests on seven MIL-L-7808 syn- 
thetic gas turbine oils indicate that 
improved correlation between labora- 
tory and engine test results is needed 
if conclusions are to be valid. 

For instance: 

® Tests on thermal stability have 
been successful in predicting engine 
operation only when combination of 
coking at 600 F and WADC sludge rig 
test is used. 

® Prediction of sludge formation has 
been successful only when the WADC 
sludge rig is used in the lab. 

@ The Ryder gear machine is the 
only test that gives satisfactory corre- 
lation of load-carrying ability. But it 
is too complicated, and simpler tests 
have not yet been devised which can 
give good correlation. 

® Oxidation-corrosion tests which re- 
sulted in no corrosion in lab tests broke 
down and caused lead and silver cor- 
rosion in engine tests. 

® The “H” rubber swell tests on elas- 
tomer attack do not give conclusive lab 
and engine test correlation. 

In some respects, however, reasonable 
correlation has been found between 
lab and engine test results. 

For example: 

® Four-Ball wear test data obtained 
in the lab agrees excellently with en- 
gine results. 

® Flash point and 400 F evaporation 
tests do good jobs of controlling con- 
sumption. 

(Paper “Correlation between Labor- 
atory and Engine Performance of Syn- 
thetic Turbine Lubricants” was pre- 
sented at SAE Summer Meeting, At- 
lantic City, June 4, 1956. It is avail- 
able in full in multilith form from SAE 
Special Publications Department. Price: 
35¢ to members, 60¢ to nonmembers.) 
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In fact, this exclusive Allegheny Ludlum- 
developed die steel is mighty good news 
for any user of draw dies. Ottawa 60 is a 
high-carbon, high-vanadium analysis, ini- 
tially designed Z the primary purpose of 
drawing stainless steel. 


In that service, Ottawa 60 does just 
exactly what it was developed to do: it 
performs without galling or pickup, and 
shows exceptional wear-resistance—as a 
long list = successful applications will 
prove to you. Two of them are illustrated 
above: a stainless hinge and a stainless 
sundae server. 


But Ottawa 60 is a top performer on any 
draw die application! Also illustrated above 
are the two draws on a transformer hous- 
ing of .037’’ gauge SAE 1010 strip. After 
more than 25,000 pieces—over 12 times 
any previous runs—there was stull no sign 
of pickup, or of wear on the Ortawa 60 
punch or die. 

This analysis can solve your draw-die 
problem jobs—or reduce your costs on 
almost any drawing operation. @ Call on 
our Mill Service Staff for any assistance. 
Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 


For complete MODERN Tooling, call 


Allegheny Le Ludlum 
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Trailblazers 


MARQUARDT 
BREAKS 

NEW 
FRONTIERS 
WITH 
BOMARC 
POWERPLANT 


NEW OGDEN 
FACILITIES 
BOOST 
NATION’S 
DEFENSE 


ni 
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Marquardt’s research center is fast becoming one of this country’s crea- 
tive engineering capitals. Unlimited opportunities at Van Nuys are 


attracting many Research and Development engineers to Marquardt. 


Write for details: 
PROFESSIONAL PERSONNEL 
Te MNT 4) Ate Loa) 


THE WEST'S LARGEST JET ENGINE RESEARCH AND DEVELOPMENT CENTER 


Resins Gain Favor 
As Bearing Material 


On Pape by 


A. J. CHENEY 
W. B. HAPPOLDT 
and 
K. G. SWAYNE 


anc UC 


‘sTEFLON” tetrafluoroethylene resin 

and “Zytel” nylon resin are now 
being used extensively for bearing ma- 
terial. Their behavior under little or 
no lubrication makes them promising 
for many applications. 

The most important of Teflon’s prop- 
erties is the low coefficient of friction— 
approximately 0.04 or less, under cer- 
tain conditions—which can be obtained 
with non-lubricated bearings. These 
low coefficients can be had even with 
compositions containing fillers to im- 
prove wear properties. The resin has 
the highest melting point of any of the 
thermoplastics, melting at 620 F. It 
has excellent stability even at high 
temperatures and can be used continu- 
ously at temperatures up to 500 F and 
intermittently up to 620 F. Because it 
is a soft but tough material it will 
embed the hard foreign contaminants 
that are often found in a bearing. 

Tefion is inert to a wide range of 
chemicals and solvents. Exceptions are 
molten alkali metals and fluorine at 
elevated temperatures and pressures. 
Water has no effect on it. Combina- 
tions with reinforcing agents such as 
graphite or powdered glass are used 
commonly for bearings and other me- 
chanical applications requiring good 
resistance to wear. In general, the 
physical properties of these combina- 
tions are like those of straight Teflon 
except for having better resistance to 
deformation and wear. 

“Zytel” nylon resin is being used for 
bearings ranging in size from a 1/16 
in. inside diameter clock bearing to an 
8 in. bearing used in the valve mecha- 
nism of a flour-carrying hopper car. 
Elevator car gibs of Zytel have been 
used for years, run against dry rails, 
which means elimination of the fire 
hazard due to lubricant. Zytel 101 is 
the highest melting and stiffest of the 
commercial nylons. Its coefficient of 
thermal expansion is several times as 
large as for the metals often used in 
bearing applications. 

All nylons are hydroscopic and will 
pick up moisture until a condition of 
equilibrium is reached. Since the best 
moldings are produced when the mold- 
ing powder contains less than 0.3% 
water, moldings as produced will ab- 
sorb water. This requires that they 
be moisture conditioned to or near the 
equilibrium condition. Once the 
changes have taken place, further 
change due to normal variations in 
environment is small. Annealed bear- 
ings exposed to either 50% relative 
humidity air, or to water, show a 
dimensional growth for the first few 
months, after which the change is 
small. Bearings exposed to room con- 
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Waldes Truarc Retaining Rings Eliminate Machining 
and Parts—Cut Assembly Time on Drill and Tapper 


Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truarc rings in 
their new BECO Model 410 Automatic Drill and Tapper. Truarc 
rings speed assembly, reduce machining, improve design 


Bell Crank Pivot Assembly 


Truare Rings (Series 5100) in Bell Crank Pivot assembly per 
mit grease hole not possible with cotter pin fastener. Use of 
nuts would have increased machining and assembly costs 
considerably 


ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truare “E” Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 
..the danger of cross-threading nuts...and costly rejects 
Truarc Rings cut assembly time and cost. 


ALTERNATE DESIGN TRUARC DESIGN 


Hopper Cylinder Anchor Pin Assembly 


2 Truarc Rings (Series 5100) secure and position end of verti 
cal air cylinder. Rings eliminate extra cost of machining 3 
diameter pin, threading and undercutting plus nut and 
washer. Assembly is quick and sure. 


Whatever you make, there’s a Waldes Truarc Re- 
taining Ring designed to improve your product... to 
save you material, machining and labor costs. They’re 


different sizes within a type...5 metal specifications 
and 14 different finishes. Truarc rings are available from 
90 stocking points throughout the U. S. A. and Canada. 


quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 
engineers help you solve design, assembly and pro- 
36 functionally different types ...as many as 97 duction problems... without obligation. 


For precision internal grooving and undercutting... Waldes Truarc Grooving Tool! 
oo eee 


WALDES Waldes Kohinoor, Inc., 47-16 Auste! Place, t. 1. C. 1, N.Y. 


= 
| 
R) Please send the new supplement No. 1 which. | 

brings Truarc Catalog RR 9-52 up to date. l 

(Please print) 

\ 7] Name | 
Y® Title | 

| 

| 


_ Company 


RETAINING RINGS 


Business Address 


<5, 7 

poe 

2 L--— ~—-WALDES KOHINOOR, INC. City Zone . State 
J 47-16 AUSTEL PLACE, L. 1. C. 1, N.Y. 

WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equa! patent protection established in foreign countries 


$A098 | 
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B.«tinnMandnndl 
OUNT DOW 


on the BIG engineering 


challenge of all time! 


Rock-anchored into the crags of the Santa Susana 
Mountains near Los Angeles crouch the massive test-stands 
of ROCKETDYNE — the most gigantic rocket engine workshop 
in the Western Hemisphere. The privileged men who tend 
these great power plants are a select group indeed. 

For no matter what their specialty, they are working at 

the most advanced state of their art. 


The scientist or engineer who enters the field of large, 
liquid-propellant rockets at ROCKETDYNE can expect 
to encounter more phases of his profession in one day 
than in a year of conventional practice. 


Here at ROCKETDYNE men use units no bigger than a 
small sports car to generate power outputs greater than 
Hoover Dam — power that is precisely delivered during 
a period measured in minutes. Inside the engines, 
materials and mechanisms must function perfectly under 
extreme stress and vibration, yet temperatures range 
from minus 250° F to 5000°F in close juxtaposition. 
Valve action must be so close to instantaneous that 

the expression “split-second” is completely unimpres- 
sive; we are dealing with conditions in which the 

term “steady state” is applied to a millisecond. 


Day by day the tests go on, and every day produces 
its two miles of information on oscillograph tape 
fascinatingly new information, far in advance of 
available texts. This is one of the newer industries 
with an assured future. The methods now being 
developed here for producing effective power 

to the attainable limits of mechanical stress will 
have wide application. Such experience is 
practically unobtainable anywhere else. 5() 

The only way you can appreciate the 2 
far-reaching significance of such a 

program is to be a part of it. 

Will you accept the challenge? 


Here are the fields of 
opportunity at ROCKETDYNE : 


? 
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al 
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. 


war: 


VE 


FOR ENGINEERING GRADUATES: Aeronautical, Chemical, Structural, Elec- 
trical, Electronic, Metallurgical, Mechanical; qualified for Analytical, 


Research, Development or Design responsibility. 
FOR SCIENCE GRADUATES: Physics, Chemistry, Mathematics. 


INTERESTING BOOKLET Facts about rocket engine i ngineerir 


he Big Challenge.” Write: A. W gmieson, Rocketd 


Personr ept 9 SAE 662 . ga Avenue, Car 


BUILDERS O F POWER FOR OUTER 


send for your 


ne Engineering 


ROCKETDYNE It 


SPACE 


ditions for one year with normal varia- 
tions in relative humidity changed less 
than 0.001 in. per in. after initial 
growth. 

The following comments should aid 
in choosing between Teflon and Zytel 
for bearings: 


1. At room temperature, Zytel is 
much harder, stronger, and more re- 
sistant to abrasion and deformation 
than Teflon. The reverse is true at 
elevated temperatures. If the ex- 
pected operating temperature is rela- 
tively low, Zytel is the strong candi- 
date. 

2. Teflon can be used absolutely 
dry; Zytel should preferably be given 
some lubrication. If lubrication is im- 
possible, Teflon is often the choice for 
severe speed conditions since its co- 
efficient of friction is less than that of 
unlubricated Zytel. 

3. Zytel has good resistance to most 
liquids and seldom encounters diffi- 
culties of this nature. Where sevetfe 
conditions do exist, Teflon is preferred 
This is illustrated by its use on pumps 
and centrifuges handling acids. 

The performance of Zytel with lubri- 
cant present has proved surprising 
High loads at medium to high speeds 
can be supported by what apparently 
is hydrodynamic lubrication even 
though little lubricant is present. This 
opens an entirely new field of applica- 
tion for bearings made of this resin 
(Paper “Zytel Nylon Resin and Teflon 
Tetrafluoroethylene Resin as Bearing 
Materials” was presented at SAE An- 
nual Meeting, Detroit, Jan. 9, 1956 
It is available in full in multilith form 
from SAE Special Publications Depart- 
ment. Price: 35¢ to members, 60¢ to 
nonmembers.) 


Based on Discussion 


KA T KAn+ 


Porous metal bearings impregnated 
with polytetrafluoroethylene (Teflon 
and Fluon) have been developed in 
England. Most laboratory and field 
experience has had to do with steel- 
backed bushes with a 0.010 in. layer 
of porous tin bronze, impregnated with 
Fluon and surface coated with a 0.0005 
to 0.0015 in. layer of Fluon. Both 
metal and resin are continuous. The 
continuous metal phase confers good 
thermal conductivity, strength, and di- 
mensional stability, while the con- 
tinuity of plastic ensures that it is all 
available to the bearing surface for its 
wear and antifriction qualities. The 
steel backing further assists heat con- 
ductivity and mechanical strength. 

In bearing operation the initial sur- 
face layer soon becomes very thin, part 
of the resin being transferred to the 
mating surface. If damage occurs to 
the thin resin film on either member, 
the resulting temperature rise causes 
expansion of the resin held in the 
metal matrix. Resin then exudes and 
heals the damaged area. During oper- 
ation, both surfaces usually acquire a 
greenish tinge. 
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VISION 
IN 
PRECISION 


with McQuay-Norris. 


at 
op €=—s-s Creative engineering 
ENG ' N FFRI NG ; has long been identified 
t | 


"f From this pioneering spirit 


have come some notable 
achievements: phosalloy.. . 
Chrome-Control . . . the 400 oil 
ring. If our progressive design 
and production facilities can serve 


you, we cordially invite your inquiry. 


McQUAY-NORRIS 


PISTON RINGS ... HARDENED AND GROUND PARTS 


MCQUAY-NORRIS MANUFACTURING COMPANY 
ST. LOUIS—TORONTO 
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X-Ray Saves Money 
In Airplane Inspection 


Based 


t 


ALBERT D. EDWARDS 


ELTA uses x-ray for checking condi- 
tion of wing stringers, or primary 
structural members, in the fuel tank 
areas of its DC-6 and DC-7 airplanes. 
This is a very critical area for strength 


for that vital spot 


and safety as well as a difficult place to 
inspect properly by visual means. 
Much of the area within the tank is 
covered with a sealant which makes in- 
spection most difficult unless it is re- 
moved. The subsequent replacement of 
sealant and the almost inevitable fuel 
leaks that follow, make the operation 
cbjectionable. With x-ray a complete 
inspection of these areas can be made 
without removing anything but the 
fuel. Often we find a previous repair 
may need attention, loose rivets may 
need replacement, or mechanic’s mal- 
practice may be uncovered. Knowing 


MAXIMUM PERFORMANCE 
MINIMUM MAINTENANCE 


Through advanced design and 
creative engineering, BORG & 
BECK has stepped up the ca- 
pacity of its passenger car 
clutches without increasing 
their over-all dimensions. Com- 
pact, light in weight, precision 
built —for maximum perform- 


ance, minimum maintenance. 


where power takes hold of the load 


Borc @ BzcK 


DIVISION OF BORG-WARNER 


Chicago 38, Illinois 


that hidden error will be detected has 
raised the standard of our mechanics’ 
work. 

The difference in cost between x-ray 
inspection and opening of wings, with 
fuel tanks and cells, at routine inspec- 
tion alone is sufficient to pay for all 
equipment needed in the first year of 
operation. To remove and replace the 
leading edge for inspection of the 
heater duct in the horizontal stabilizer 
cost $67.50, whereas by x-ray the cost 
is only $6.38. 

X-ray will not do everything, and the 
hazard of radiation must be kept con- 
stantly in mind. But it has its place in 
reducing time and labor costs and pro- 
moting safety by doing a better job. 
(Paper “Radiography of Aircraft Struc- 
ture for Safety and Economy” was pre- 
sented at SAE Annual Meeting, Detroit 
Jan. 11, 1956. It is available in full in 
multilith form from SAE Special Pub- 
lications Department. Price: 35¢ to 
members, 60¢ to nonmembers.) 


Discussion 


Question: Does it require much skill to 
interpret x-ray pictures? 

Answer: It does require experience 
You have to get it by examining x-rays 
and build up the experience from look- 
ing at known imperfections. If you can 
define the edges of the metal before- 
hand and separate different sections, 
it is a big help in reading prints. 
Question: What about inspection of 
spar webs? 

Answer: Spar webs or caps can be 
x-rayed by placing film parallel to skin 
on under side of the wing and shooting 
down. You can see a crack up to a 45 
deg angle, but it is better to be closer to 
the perpendicular. 


2 New Tools Aid 
Engine Research 


Based on par 


R. R. BOCKEMUEHL 
and 
E. F. WELLER 


J. A. WARREN 
and 
J. B. HINKAMP 


HE balanced-diaphragm remote plot- 
ter automatically records engine cyl- 


inder pressure versus crank angle. 


This instrument possesses three im- 
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Naugatuck Marvibond 


(1) Kick-shield Panels Oa imal ial: 
(2) Radio Cabinet (4) Seat Backs and Frames 
6) Interior Trim 


G) interior Side Panels ©) Catch-alls 


(7) Seat Buckets (9) Trunk Compartments 
(0) Head Liners 


The fashion-conscious consumer is placing ever more emphasis on 
protective materials that will take the rough ’n’ tumble 
of everyday living... materials like Marvibond* vinyl-metal 

vi rn yl -= to =f? eta i laminates. Marvibond is Naugatuck’s exclusive laminating 
process that permanently bonds Marvinol® vinyls to practically 
any sheet metal before the product is formed. Bonded in 
flat sheets on a continuous production basis, Marvibond laminates 


bea rmriinn ate S can be worked with standard sheet metal equipment. 


Marvibonded metals provide a finish far superior to paints, 
a lacquers, varnishes, phenolic and alkyd finishes, as well as uphol- 
fo ra uto rr ot iwe stered ones. Because they’re chemical-, abrasion- and weather- 
resistant, scuffmarks, fingerprints and stains wipe off with a 
damp cloth. And they’re available in practically any surface effect. 


a red Pp i 3 c ati ons Marvibonded metals can be used economically everywhere 


that sheet metal is used. For samples, and technical data, write 


to us on your company letterhead. 
*Patent applied for 


US United States Rubber 


Naugatuck Chemical Division 


Naugatuck, Connecticut 
BRANCHES: Akron * Boston * Gastonia, N.C. * Chicago * Los Angeles * Memphis * New York ¢ Phila. 
IN CANADA: Naugatuck Chemicals, Elmira, Ontario * Rubber Chemicals ¢ SyntheticRubber *¢ 
Plastics * Agriculrural Chemicals * Reclaimed Rubber * Latices * Cable Address: Rubexport, N. Y. 
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portant features which eliminate the than for initial adjustments, and with 

major disadvantages inherent in previ- a minimum of installation complexities. 
ously developed systems: 3. The data are recorded in continu- ~ eae 

ous analog form, to a relatively large ne) 3 SE ceetees 

1. The curves plotted by the instru- scale, on standard strip chart paper. 

ment are obtained on a statistically mon 


. The general function of the balanced- 
sound basis and are truly representa- ; : 
tive of many engine cycles. diaphragm remote plotter is to regulate 


a reference pressure to that value 

2. It automatically records the pres- which exists within the engine cylinder 
sure versus crank angle curve with at a specific crank angle and to record 
equipment located remote from the en-_ the resulting relationship. The instru- 
gine, without operator attention other ment is composed of several circuits Sli = ress 













Fig. 1—Basic block diagram for balanced-dia 
phragm remote plotter 


which are arranged in two functional 
networks: 








1. An’ electronic-pneumatic servo 
loop, which is technically a combina- 
tion of an on-off servo and a sampling 
servo. 

2. A recording system which has no 
effect on the servo loop operation. 






Dependable uf 


when dependability counts { 







The relationships of the component 
circuits are shown in the basic block 
diagram (Fig. 1). The servo loop com- 
ponents include the crank angle pulse 
generator, balanced-diaphragm trans- 
ducer, coincidence detector, error de- 
tector, servo amplifier, servo motor, and 
pressure regulating system. The re- 
cording system includes the position 
transducer, pressure transducer, and 
function plotter. 

The crank angle pulse generator is 
driven by the engine crankshaft and 
produces a sharp pulse once every 720 
deg of crankshaft rotation. A crank- 
shaft reference wheel (see Fig. 1) is 
rotated at camshaft speed through a 2.1 
reduction. A single tooth on the cir- 
cumference of the wheel passes very 
close to a capacity pickup once each 
revolution. A sharp capacitance change 
then occurs between the pickup and 
electrical ground. The crank angle at 
which the capacity pulse occurs is de- 
pendent upon the angular position of 
the pickup. The pickup can be posi- 
tioned by a motor which is controlled 
by the scan motor control circuit. 

The balanced-diaphragm transducer 
is a precision differential pressure 
switch. The transducer is mounted in 
an opening in the cylinder head of the 
engine so that one side of its dia- 
phragm is exposed to cylinder pressure 
while the other side is exposed to an 
external reference pressure. The trans- 
ducer completes an electrical circuit 
whenever the cylinder pressure exceeds 
the reference pressure. 


Fas. Wie me The crank angle pulse and the bal- 
1: AVasi , ’ ms anced-diaphragm signal are coupled to 
ROCHESTER 2, NEW YORK the coincidence detector. If the crank 
angle pulse is generated when the bal- 
anced-diaphragm “switch” is closed, a 
coincidence pulse is produced. How- 
ever, if the two signals do not coincide, 
no pulse is produced. 
The coincidence pulses are coupled 
















FASCO 


HV¥VDRAULIC 
STOPLIGHT 
SWITCHES 


Fast-Action Stop! Caution Oncomers! That’s 
the message the FASCO Stoplight Switch con- 


veys from one driver to others . . . without fail! 





























Over 140 million used since the adoption of 
hydraulic brakes .. . PROOF that when you 
design for dependability, safety and service it 


PAYS to 















CONSULT FASCO. .. FIRST! 














AUTOMOTIVE DIVISION 



















DETROIT OFFICE—12737 PURITAN—PHONE: UN 17476 
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SU FUEL INJECTION SYSTEMS 


Less Fuel, More Mileage 


Simmonds SU Fuel Injection Systems, now in U. S. production, 
are currently proving fuel economies of more than 20% on U.S. 
ordnance engines up to 1000 h.p. The SU Fuel Injection System 
has recently completed a 150-hour CAA and Air Force engine 
model test and is being adapted to higher horsepower engines. The 
System is currently being modified for use on passenger cars, trucks, 
buses, farm equipment, and earth and snow removal equipment. 

A multiple point, low-pressure, timed, speed-density injection 
system, Simmonds SU Fuel Injection offers these proven advan- 
tages: it overcomes major icing problems to give improved cold 
starts; it eliminates the need of hot-spots and pre-heaters and sim- 
plifies manifold ducting; it provides increased power output due to 
removal of intake obstructions. The Simmonds System also provides 
improved fuel distribution and better cylinder head cooling — its 
operation is not affected by engine attitude. 


Complete information on SU Fuel Injection Systems will be 
supplied on request. 


SETREFIROFIGS AEROCESSORIES, INC. 


General Offices: Tarrytown, N. ¥. * Branch Offices: Dayton, Ohio * Detroit, Mich. * 
St. Lovis, Mo. * Dallas, Texas * Wichita, Kans. * Glendale, Cal. * Seattle, Wash. 
* Sole Canadian Licensee: Simmonds Aerocessories of Canada Limited — Montreal 
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Gain extra design freedom... create cost-saving 
opportunities with $.$.White flexible shafts 


S.S.White “Metal Muscles’’‘are readily adaptable to a 
wide range of space, operating and service requirements 


BY USING S.S.WHITE FLEXIBLE SHAFTS 
to transmit power or control between 
two points, many of the restrictions 
placed on a design by rigid connections 
can be quickly removed. 


A flexible shaft tachometer drive application. 


Save time and costs 

Power sources and driven members or 
controlled parts and their controls can 
he positioned to better advantage. 
Costly methods of connection and 
adapting can be eliminated and gen- 
ral overall design can be improved. 
And, because an S.S.White flexible 
shaft does away with alignment prob- 
lems and reduces the number of parts 
required for a control or power drive, 
costly and time-consuming assembly 
operations can be avoided. 


Early consideration best 
By far the best time to consider using 
S.S.White flexible shafts is when your 
product is still in the design stage. Then 


A remote control flexible shaft used in a TV- 
focusing device. 


you can use them to maximum ad- 
vantage and will also have a wider 
selection of shaft sizes, styles and char- 
acteristics to choose from than if your 
design is “locked up.” 


Satisfaction assured 

Once selected, you can always count 
on §.S.White flexible shafts to measure 
up to the requirements of your appli- 
cation. §.S.White’s many design and 
manufacturing developments have 
made S.S.White flexible shafts first in 
the field for quality, performance and 
dependability. Experience has shown 
that when it comes to flexible shafts 
you'll always be right —if you specify 
“S.S.WHITE”. 


A “must” for 
every design engineer 


Bulletin 5601 contains ae, 
the latest information } 
on flexible shafts, tells 

how to select and } 
apply them. Send for | 

your copy today. 


to ee 


IN FLEXIBLE SHAFTS 


S. 8. WHITE INDUSTRIAL DIVISION, DEPT. |, 10 EAST 40th ST., NEW YORK 16, N.Y. 
Western Office: 1839 West Pico Bivd., Los Angeies 6, Calif. 
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to the error detector, where they are 
averaged, producing a d-c voltage, 
which is a function of the number of 
coincidence pulses generated per en- 
gine revolution. The coincidence rate 
may be expressed in per cent; 100% is 
equivalent to one pulse per engine cycle. 

The d-c level is applied to a servo 
amplifier, which controls the speed and 
direction of a servo motor. The motor 
operates a pressure regulating system, 
which includes a control valve and a 
pressure amplifying relay. 

The control valve output pressure 
varies from 0 to 50 psi, depending on 
the angular position of its input shalt, 
driven by the servo motor. This pres- 
sure is used as the control pressure for 
the pressure amplifying relay. The 
output pressure of the relay is 30 times 
the control pressure, or 0 to 1500 psi. 
The regulated high pressure is the 
reference pressure for the balanced- 
diaphragm transducer. 

(Paper, “Instrument for Recording 
Cylinder Pressure versus Crank Angle 
of Internal-Combustion Engine,” was 
presented at the SAE Annual Meeting, 
Detroit, Jan. 12, 1956. It is available 
in full in multilith form from SAE Spe- 
cial Publications. Price: 35¢ to mem- 
bers, 60¢ to nonmembers.) 


HE crank-angle-time recorder makes 

a permanent record of the time (in 
crank-angle degrees) at which various 
combustion phenomena occur in the 
engine cycle. 

The recorder can be used in conjunc- 
tion with either of the following instru- 
ments: 


1. Total surface-ignition counter. 
2. Audible surface-ignition counter. 


It is used with the total suface-igni- 
tion counter (described earlier by 
Hirschler et al.) when it is desired to 
determine when individual flame fronts 
from either normal or deposit-ignited 
combustion arrive at anionization gap 
in the combustion chamber. 

When used with the audible surface- 
ignition counter (described in an ear- 
lier paper?), it records the time in the 
cycle when audible manifestations of 
both knock and knocking surface igni- 
tions occur. 

Fig. 1 shows a block diagram of 
the electrical circuits for the recorder 
with total surface-ignition counter. 
The recorder uses the ionization signal 
received by the counter to trigger a 
spark generator, which jumps a spark 
between an electrode and a crankshaft- 


1 SAE Transactions, Vol. 62, 1954, pp. 
40-49: ‘“Deposit-Induced Ignition— 
Evaluation in Laboratory Engine,” by 
D. A. Hirschler, J. D. McCullough, and 
C. A. Hall. 


2 SAE Transactions, Vol. 63, 1955, pp. 
53-62: “Practical Yardsticks for De- 
posit Effects,” by C. A. Hall, J. A. War- 
ren, and J. D. McCullough. 
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You rbshed For This! 


ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


Permanent instantaneous oscillograms 
Eliminates need for messy liquid chemicals 
No darkroom required 

Automatic continuous dry processing 

View oscillogram while recording 


Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re- 
cording and completely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 


The greatest advancement in the technique of mul- 
ti-channel oscillograph recording in over 20 years, 
the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 


Utilizes sensitive light-beam galvanometers 
Up to 24 traces on eight inch paper 

Traces can overlap 

Precision timing lines 

Low power consumption 


RADICALLY new technique of Electrophotography 
combined with light-beam galvanometers. 


NOW investigate CENTURY ELECTROGRAPH—the 
most modern approach to simplified oscillographic 
recording — when planning your instrumentation 
program whether for research, engineering, test, 
quality control, process control, or any other 
analog recording requirement. 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


EC 


PHILA.-WASH. AREA 
4447 N. BODINE ST 
PHILADELPHIA 40, PA 
TEL.: MICHIGAN 4-1822 


MIDWEST AREA 

363 W. FIRST ST 

DAYTON 2, OHIO 
TEL.: FULTON 9292 


N.Y.-NEW ENGLAND AREA 
29-46 NORTHERN BLVD. 
LONG ISLAND CITY 1, N.Y 
TEL; STILLWELL 4-7120 


TEXAS-N. M. AREA 
5526 DYER ST. 
DALLAS, TEXAS 

TEL.: EMERSON 6716 


T Century Electronics & Instruments, Inc. 
— 1333 NO. UTICA, TULSA, OKLAHOMA 


For further information, call on our nearest representative: 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY —TEL.: BARCLAY 7-0562 


NO. CALIFORNIA 
2015 EL CAMINO REAL 
REDWOOD CITY 
TEL.: EMERSON 6-8214 


SO. CALIF. AREA 
40 SO. LOS ROBLES 
PASADENA 1, CAL. 
TEL.: RYAN 1-9663 


ARIZONA AREA 

3686 BAKER PL. 
TUCSON, ARIZONA 

TEL.: 7-1501 





Test stand with Baldwin SR-4 torque pick-up for production testing of pumps 


read torque directly, 
accurately to +%4% 


with SR-4° torquemeters 


The Baldwin SR-4 torquemeter consists of a 
strain gage type pick-up and companion instru- 
mentation. Shaft torque is read directly in inch- 
pounds—eliminating complicated equipment in- 
volved in measurement of reaction torque. 

The Baldwin SR-4 torquemeter is 
more accurate, too: guaranteed to 
+14% of full range in either direc- 
tion from 0 to 100% of capacity. 
For your copy of our bulletin on 
torquemeters, write Dept. 2856, 
Electronics & Instrumentation Divi- 
sion, BLH Corporation, Waitham, 


Massachusetts. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western * Eddystone * Lima * Hamilton ¢ 
Loewy-Hydropress * Madsen « Electronics & Instrumentation ° 
Pelton * Standard Steel Works 


10M! ZATION MOVEMENT OF NORMAL 
AP FLAME FRONT 


* a om SPARK 
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] [ ] f YUNT 
AMPLIFIER GATING | PULSE TOTALIZER 
CIRCUIT circuit GENERATOR 
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Fig. 1—Block diagram of electrical circuits for 
crank-angle-time recorder. 


driven cylinder covered with sensitized 
paper. 

It is possible to show each individual 
ionization as a dot on the sensitized 
paper at the same instant when ioniza- 
tion occurred by moving the electrode 
along the longitudinal axis of the cyl- 
inder. Visual inspection of the paper 
record gives the crank-angle degrees in 
the cycle at which the gap was ionized. 
Regulation of the camshaft-driven tim- 
ing device allows a record to be made of 
either surface ignitions or normal com- 
bustion. (Paper, “New Instrumenta- 
tion for Engine Combustion Studies,”’ 
was presented at the SAE Annual 
Meeting, Detroit, Jan. 12, 1956. It is 
available in full in multilith form from 
SAE Special Publications. Price: 35¢ 
to members, 60¢ to nonmembers. This 
paper will also be published in full in 
SAE Transactions.) 


High Speed Tire 
Meets Growing Need 


M. P. HERSHEY 


HE higher top speed of new cars, in- 

creased tire loads, improved high- 
ways, and the mounting popularity of 
sports cars have created the need fol 
a high performance tire. Such a tire 
is made with a high strength cord 
body which will withstand impacts 
even with elevated inflation pressures 
and will give better car handling es- 
pecially at the higher speeds. Several 
are now on the market. 

For best high speed performance, use 
a tire as large as is practical. For a 
given speed, the larger the tire the 
fewer the revolutions per mile and the 
cooler the tire. It is also desirable to 
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Because of © ry name of the piece, we think of a “rod end” as a 
sort of universal joint at the end of a rod when used in a linkage 
mechanism for pull-push operation. And for transmitting motion at 
varying angles, the Heim Unibal Rod End is the most dependable and 
most efficient of all. 


ISsSnmh ANWW 


o 
“e 


However... 


the ability of the Heim Unibal to correct 
misalignment in any direction, the smooth- 
ness of its oscillation, and its low cost, are 
just the qualities looked for in some un- 
usual shaft supports. 


Take this Kidde Knitter as an example of how 

Heim Unibal Rod Ends have been used as suspension 
hangers for the guide bars. It is essential that 

these bars move laterally, both smoothly and freely. 


SSS 


The hanger arm is drilled and tapped, and the male 
Heim Rod End is screwed into place. Assembly is 
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simple. yet alignment of the bars is positive. and 


vertical adjustments can be made quickly and easily. 


HEIM MALE 

ROD END Perhaps you have a place where Heim Rod Ends can improve 
mechanical function and cut the cost of parts and assembly. Submit your 
problem to the HEIM engineering department for advice and assistance. 

F A I IE L 

C£on NRCT iI 


THE HEIM COMPANY 
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use higher than normal inflation pres- 
sure since it reduces deflection and 
flexing and thus lowers running tem- 
perature. 

Overloads have a detrimental effect 
on performance. Partial compensation 
for this can be made by increasing in- 
flation pressure to maintain the same 
percent deflection. Heat build-up can 
be cut from 15 to 8 F by using 32 in- 
stead of 24 psi for 20% overload. Main- 
tenance of deflection is not the entire 


answer because higher intensity of 
pressure per square inch of ground 
contact area means greater stress in 
the rubber with consequent heat gen- 
eration. (Paper “New High Speed 
Tires” was presented at SAE Passenger 
Car, Body, & Materials Meeting, De- 
troit, March 8, 1956. It is available in 
full in multilith form from SAE Special 
Publications Department. Price: 35¢ 
to members, 60¢ to nonmembers.) 


NEW. IMPROVED 
ELECTRONIC TACHOMETER for 


Plus or Minus 1 RPM at 


Speeds from 10 to 50,000 RPM 


No other tachometer or revolution counter is more accurate 

more dependable. Revolutions are converted to electrical 
pulses by the tachometer generator. The Electronic Tachom- 
eter counts them accurately for precisely one second and dis- 
plays the count directly as revolutions per minute. 


DESIGN EMPHASIS 
YOU 
* EXTREME PRECISION Oven-con- 


trolled crystal is accurate to 1 part 
in 1,000,000. 


*& RELIABILITY Circuits designed for 
continuous service. Number of 
vacuum tubes kept to a minimum. 


* EASY-TO-READ Brilliant glow- 
spots can be read in brightly lighted 


THE 


A 


87 Logan Street * Springfield 2, Massachusetts 


LECTRIC 


WAS 


THESE OUTSTANDING BENEFITS: 


PLACED TO GIVE 


rooms. Display time is adjustable 
from .5 to 10 seconds. 


* SELF-CHECKING — Frequency Stand- 
ard has built-in feature to let op- 
erator check accuracy of instru- 
ment at any time. 


*& MAINTENANCE — Package-type plug- 
in construction simplifies servicing. 


jlletin #240. 


Standarea. 


TIME COMPANY 


LABORATORY PANELS PRECISION TIMERS ang TACHOMETERS 


Chevrolet L-4 Test 
Due for Modification 


DR. R. J. DeGRAY 


lard O1 Onto 


HE L-4 test, based on the six-cylinder 

Chevrolet engine, has a definitely 
limited future, but before attempting 
a replacement it would be wise to de- 
termine what parts of it are worthy of 
retention and what needs to be im- 
proved. 

Study of some of the L-4 data in our 
files led to the conclusion that three 
items deserve to be retained. These 
are: 


e The basic concept of a high-tem- 
perature engine test. 


e The additivity of the contributions 
of the components of the oil to the 
overall performance. 


e The general method of rating the 
dirtiness of the several engine parts 
and their combination into a com- 
posite figure. 


By the same token, there are four 
elements of the L-4 test that call for 
correction or improvement. These are: 


e The fuel needs better standardiza- 
tion. 


The bearing weight less procedure 
requires modification so that it 
measures the loss due to the action 
of the oil or its deterioration prod- 
ucts. 


The rating system should be 
changed to make error either inde- 
pendent of rating, or proportional 
to it. 


The entire procedure needs tight- 
ening to enable effects of engineer- 
ing importance to be measured 
with statistical significance. 


In the process of arriving at the 
above mentioned conclusions, a method 
was developed for spotting bad engine 
runs and validating good engine runs 
purely from the results of the run it- 
self. Of the many relationships we 
were able to establish three were found 
to identify “bleepers” without prior 
knowledge or duplicate tests. These 
three provided equations which will 
spot bad rating of engine parts, peculiar 
deterioration of the oil (‘either too 
much or too little), and peculiar bear- 
ing weight loss. If all three equations 
are satisfied by the test results, the 
entire run may be considered valid. 

The merit of this method lies in the 
avoidance of expensive re-testing ex- 
cept in the case of a bad run, as well 
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You’re at 400 feet, banking for a good close look at the 
unloading operation of the Ernest T. Weir. She’s packed to 
the gunwales, stem to stern, with ore—tons of iron-bearing 
food for Great Lakes hungry blast furnaces. 


What’s this got to do with turning out top-quality steel at 
Great Lakes? Plenty! For quality pig iron can come only 
from quality raw materials—like the Weir’s rich cargo. 
And, of course, quality pig iron is the very backbone of 
top-quality steel. 


Control of quality at Great Lakes begins right at the 
mines. In fact, each ore source is picked with painstaking 
care. Then, repeated checks in the mines—double checks 
here at the unloading docks—put the quality of Great 
Lakes raw materials beyond question! 


It’s that kind of control (from start to finish) that gives 
our flat-rolled products uniform quality —assures that they 
will reach our customers exactly when and as ordered. 
We’re ready to talk your steel needs whenever you are. 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan « A Unit of 


DEVEL Lae aaa eS 


District Sales Offices: Boston, Chicago, Cincinnati, Cleveland, Grand Rapids, 
Houston, Indianapolis, Lansing, Los Angeles, New York City, Philadelphia, 
Pittsburgh, Rochester, St. Louis, San Francisco, Toledo, Toronto. 


TO ASSURE TOP-QUALITY OPEN-HEARTH STEEL .. . iron ore 
(shown stockpiled here), coal and limestone—all of known 
source and quality —are sampled and tested over and 
over again by Great Lakes Steel raw material analysts. 





MOND ILAUN ID 
WELDING NUTS 


eee Make Tough Jobs Easy! 


sAVE Tl 


AVE TRO 
a MONEY! 


If you’ve got a product involving metal fabricating, 


fastening or assembling, chances are you can use Mid- 
land Welding Nuts to big advantage. 

They come in all sizes for every-sized job. Welded 
to the part or parts concerned, they don’t have to be 
held while bolts are turned into them. Thus one man 
can often do the work of two. 


And they’re indispensable when it comes to those 
tucked away, hard-to-get-at places. Welded in advance 
to those inside spots where it is difficult—or impossible— 
for hands or tools to reach, Midland Welding Nuts hold 
fast while bolts are turned into them. 


If you’re a designer, you'll want to know about these 
time and labor-savers, too. Midland Welding Nuts will 
solve and simplify many of your problems, too. 


Write or phone for complete information! 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue «+ Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 
Manufacturers of 
Automobile and Truck Frames ° Air and Vacuum Power Brakes 
Air and Electro-Pneumatic Door Controls 


as in the saving of the still greater ex- 
pense of a poor decision based on a 
bad run 

In addition, factors were developed 
whereby the L-4 rating can be calcu- 
lated as precisely as the engine could 
measure, given known base oils and 
additives. (Paper “The Chevrolet L-4 
Test: What Does It Measure?” was 
prescnted at SAE Annual Meeting, De- 
troit, Jan. 12, 1956. It is available in 
full, including the three equations men- 
tioned above in multilith form from 
SAE Special Publications Department 
Price: 35¢ to members, 60¢ to non- 
members 


Improved Cold Starting 
On New Mack Diesel 


1 Dat 


W. J. PELIZZONI 
Mack Mfg 

OLD-starting tests of the Mack Ther- 

modyne open-chamber, direct-injec- 
tion diesel engine show it to be superior 
in this respect to the earlier energy- 
cell engines. As shown in Fig. 1, the 
open-chamber engine has_ superior 
starting ability at all cranking speeds 
The data in this graph were recorded 
during cold room tests at 32 F, without 
any starting aid. The electrical system 
on these diesel engines provides crank- 
ing speeds of 150-200 rpm at freezing 
and below freezing temperatures 
Thus, satisfactory starting is assured 
in a minimum of time. (Paper “Mack 
END Thermodyne Diesel” was pre- 
sented at the SAE Pittsburgh Section, 
March 27, 1956. Presentation was 
made by Merrill C. Horine, Mack Mfg. 
Co.) 


eo 
nitiol ronking Speed, rpm 


Fig. 1—Cold-starting ability of open-chamber 


engine is superior to that of energy-cell engine 
at all cranking speeds 
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“SOL 


VISION-AID HEADLAMPS 


5040-S for 6 volt passenger cars 
5400-S for 12 volt passenger cars 
5440-S for 12 volt trucks and buses 


WITH E--Z AIM PLATFORMS 
FOR USE WITH ANY APPROVED AIMING DEVICE 


The new improved Tung-Sol Vision-Aid Headlamp can be quickly 
adjusted with any approved aiming device—or can be aimed visually. 
Three E-Z Aim Platforms, precision-molded on the face of the lens, 
provide contact points for all the new mechanical aimers. They assure 
accurate beam adjustment in a matter of minutes—even in broad 
daylight. These headlamps are fully interchangeable with all sealed 
beam headlamps of the same voltage. 

Car owners benefit from wonderful new safety features of all 
Vision-Aid Headlamps: The new, more powerful beam gives 80 
extra feet of seeing distance down the right side of the road; the fila- 
ment cap and new lens design improve visibility in rain, fog and snow. 

They insure complete satisfaction for car manufacturers, because 
traditional Tung-Sol quality and nationwide distribution more than 
meet performance and service requirements. 

TUNG-SOL ELECTRIC INC., NEWARK 4, N. J. 
Sales Offices: Adanta, Columbus, Culver City, Dallas, Denver, Detroit, Melrose Park (Ill.), 
Newark, Philadelphia, Seattle. Canada: Montreal 


Ay et 


ae ye ¢ 80 EXTRA rast 
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Clutch—friction mate- 
ately 

Truck brake—friction 
material to steel 

aT tia Ae Lee a 
TCM CMLL 
Welder part—micarta 
to copper 

Washing machine 
brake—friction mate- 
rial to zinc 

Small disc brake—sin- 
tered metal to steel 


These were typical experimental 
bonding jobs. Now they are every- 
day production work at Jones 
‘Bonding. 


Your bonding problem may be still different but rest 
assured—Jones Bonding has the skill and experience to 
work it out—promptly, accurately and at the lowest pos- 
sible cost. 

We are proud of our ability to reduce tooling costs to little 
or nothing on normal bonding jobs. 

We utilize cements or structural adhesives to their fullest 
strength without scrap or failures. 


For dependable experimental or production bonding work, 
call on Jones Bonding for best results. 


PAUL R. 










7) 
ichigan 


124 East Ten Mile Road Hazel Park, M 


















New Members Qualified 


These applicants qualified for ad- 
mission to the Society between July 
10, 1956 and August 10, 1956. Grades 
of membership are: (M) Member; (A) 
Associate; (J) Junior. 


Alberta Group 
Leslie A. Dulmadge (A), Sidney A. 
Smith (A). 


Baltimore Section 


Major Lef W. Kenyon (M), John N. 
Lyndall, Jr. (A), Angelo F. Palmisano 
(A). 


Buffalo Section 


Frank M. Baumgardner (M), How- 
ard W. Brandt (M), Edward Kubic 
(M), R. Douglas Rumsey (M), Milton 
H. Van Alstyne (M). 


Canadian Section 

Alan C. Brierley (M), Elmer W. 
Carter (A), Richard B. Sharpe (A), 
Roger W. Wade (A). 


Central Illinois Section 


Walter R. Gutzwiller (J), Raymond H. 
Hays (M). 


Chicago Section 


Edward J. Beth (M), James R. Chap- 
man, Jr. (J), Richard L. Durgin (M), 
Duke A. Garrison (A), William L. 
Green (M), Donald E. Hobson (M), 
Robert C. Holmberg (A), Max L. How- 
ard (J), Leon C. Hummel (J), Ray- 
mond C. Nelson (M), Alvin G. Phillips 
(M), Malcolm A, Sime (M), Samuel R. 
Stiefel (A). 


Cincinnati Section 


J.S. Sampselle (M), Horace F. Yoder 
(A). 


Cleveland Section 


Vincent R. Barrord (M), Lawrence 
E. Biggs (M), Andrew S. Gill, Jr. (M), 
Clyde C. Logue, Jr. (M), Walter H. 
Robinson (M), Charles W. Wilhide 
(M). 


Dayton Section 


Paul E. Erbaugh (M), William R. 
Lamb, Jr. (J). 


Detroit Section 


John A. Alfes (J), Wayne S. Ander- 
son (M), Albert M. Ankrom (M), James 
P. Brannan (A), William E. Brunsdon 
(J), Selden D. Burchenal, Jr. (M), 
Everett A. Butler, Jr. (J), Wayne E. 
Canfield (A), Phillip Dmetroshko (M), 
Richard L. Drake (A), Ferdinand R. 
Eichner (M), Martin A. Erickson (M), 
Alfred H. Erwin (A), Edwin Lee Etnyre 
(M), Thomas J. Foley (M), Robert J. 
Gorman (M), Richard M. Hindman 
(M), James R. Ignatowski (J), Frederic 
A. Jaques (M), William K. Jensen (M), 
Earl W. Jorgensen (M), George L. Mc- 
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Thompson's New MS-201 Alloy 


Doubles Valve Life 


VALVE STEEL 


seh Mer 


VALVE STEEL 


vw i 
VALVE STEEL B 
bos 


Here’s why MS-201 provides longer valve life: 
Highest strength valve steel. 


Most creep resistance. 


Higher hot-hardness than any other austenitic alloy. 
B\ The detailed story 
Highest room temperature hardness than any other : \ of this interesting 
ae \ valve development is 
austenitic alloy. ; , featured in Thompson 


1. 
2. 
3. More corrosion-resistant than any other valve steel. 
4. 
2. 


ies = Products’ Engineering 
. Lowest critical alloy content of any austenitic alloy. Ee Bulletin Vol. 1,No. 1. 


alve Division Thompson Products, Inc. 


14565 EAST 186th ST. « CLEVELAND 10, OHIO 
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Culloch (J), Fred Menders (J), Earl Hawaii Section 
W. Meyer, Jr. (M), Carl Mitchell (M), 
Robert A. Moriset (J), Thomas A. 
Munro (J), Ervin Part (J), Donald W 
Peters (M), Ray B. Pettibone (M), 
Richard A. Randall (M), Wesley E. 
Ravell (M), James A. Read (M), Rob- 
ert Ritchie (M), Jerome G. Rivard (J), 
Allan C. Rusch (M), Vladimir T. Stefka 
(A), Robert K. Sterling (A), Paul F 
Sturm (M), John E. Swigart (J), Ed- 
ward J. Sydor (M), Max M. Wachowiak 
(M), Kenneth West (M), Homer F 
Wood (A), Lewis E. Zwissler (M) 


(M). 


Indiana Section 


Kansas City Section 
Maurice G. Nix 


Metropolitan Section 


Yew MORLIFE* CLUTCHES 
and CLUTCH PLATES Give- 


MORE Clutch Life (400% MORE) 
MORE Torque Capacity (100% MORE) 
MORE Heat Resistance (50% MORE) 


These new ROCKFORD Clutches and Clutch Plates have been 
developed by ROCKFORD Clutch Engineers to take full ad- 
vantage of recently discovered facing material. Actual field 
tests on heavy duty equipment have resulted in adoption of 
MORLIFE clutches by builders of tractors, earth movers, 
graders, shovels, cranes, trucks, oil field equipment and 
power units. For information how these new Rockford MOR- 
LIFE Clutches will improve the operation and increase on- 
the-job hours of heavy duty machines, write Department E. 


(M). 


Allan R. Craddock (A), John M. Ross 


Donald P. Driftmier (M), R. Donald 
Letsinger (M), Spencer H. Mieras (M). 


Charles E. Baugh (M), John E. Ec- 


© 


“MORLIFE clutch 
has gone 851 
hours without 
slipping or 
adjustment.” 


4 


“MORLIFE clutch 
going strong 
after 1695 hours, 
working in 
sand.” 


La 


*“*MORLIFE 
clutches last 950 
hours longer, 
without adjust- 
ment." 


e 


“MORLIFE clutch 
needs adjust- 
mentoncea 
month, instead 
of daily.” 


? 


*“*MORLIFE re- 
quires lighter 
handle pull and 
one tenth the 
adjustments.” 


x 


“MORLIFE pulls 
harder and lasts 
six to ten times 
longer.” 


x 


“Won't buy a 
unit that isn't 
equipped with 
Durable MOR- 
UFE clutch.” 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine Street, Rockford, Illinois, U.S.A. 


Export Sales 


Borg-Warner International — 36 So. Wabash, Chicago 3, Il. 


GGO00C0C8 
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cles (M), Charles E. Gruen (M), Homer 
A. Johnson (M), Carl F. Parenti (M), 
Donald P. Rutter (M) 


Mid-Michigan Section 


William C. Eberline (J), 
Horner, Jr. (M) 


Walter A 


Milwaukee Section 


James J. Gibbons (A), 
Gustafson (M), Walter P. LaForce 
(M), Ralph F. Lofy (M), George E 
Schubert (M), Anthony J. Secola (J) 


Ralph W 


Montreal Section 


Max M. Richler (M), Alfred B. Rode 
(A) 


Oregon Section 
Stuart L. Brown (A) 


New England Section 


L. K. Green (M), Harry A. Holzwas- 
ser (A), T. Clark Perkins (A). 


Northern California Section 


Thomas H. Griffin (A), C. Adair Rob- 
erts (M), Harold R. Vance (A). 


Philadelphia Section 


Paul N. Exstrom (J), Robert J. Ford 
Jr. (J), William Katzenstein (J), James 
F. Rawlings (M), Samuel C. Smith, Jr 
(A), F. P. Spruance, Jr. (M). 


Pittsburgh Section 


Henry D. Monsch (M), Paul R. Zof- 
fel (M). 


St. Louis Section 


Kenneth E. Devine 
Nowicki (A). 


(M), Frank M. 


San Diego Section 
Allen W. Morgan (M). 


Southern California Section 


B. Carl Beehner (M), Lt. Gen. Lau- 
rence C. Craigie, USAF, Ret. (M), Glen 
Moy (M), Adolph A. Tacchella (M), G. 
A. Viersen (M), A. Edward Zezula (M). 


Southern New England Section 


Robert S. Cutler (J), Joseph R. 
Krenn, Jr. (M), Marshall B. Thornton 
(M). 


Texas Section 
D. H. Foley (A), Foster M. Poole (M) 


Texas Gulf Coast Section 
John G. Willard (M). 


Twin City Section 
George S. Tanner (M). 


Washington Section 
Arthur J. Rutherford (M). 


Western Michigan Section 


Elmer Bluhm (J), William S. Shade 
(M), Donald E. Wortman (M). 
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Where are filters used? Why are filters used? How do 
filters save money? Now for the first time Purolator’s 
new “Filtration Manual for Designers” has all the 
answers gathered together in one place. 


Some typical section headings 


space requirements 
filter costs 
selection of type of element 
deciding flow capacity needed 
* economics of filtration 
* how Micronic® and metal edge filters are made 


“Filtration Manual for Designers” spells out applica- 
tion considerations in detail including degree of 
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The first 
comprehensive 
filtration guide ever 
edited specifically 
for designers. 


filtration, flow rate, contamination to be removed, 
viscosity of fluid, plus a complete glossary of terms 
that apply to filtration. Printing of this manual is 
limited so please send in coupon for your copy today. 


PUROLATOR PRODUCTS, INC. 
Dept. D8-917, Rahway, N. J. 


Please send my copy of your “Filtration Manual for Designers.” 
I'm enclosing 25¢ for postage and handling. 


NAME ‘ = ann setae 





a POSITION 


STREET 





I ea atc nical pi cena ttmiaeaigadatea 





From Table Tops 
to TV Sets 


Fabricon Plastic Impregnated Materials 
help MAKE GOOD PRODUCTS BETTER! 


When it comes to plastic impregnated papers for laminating or molding applications, 
you'll do well... always . . . to think of Fabricon first! First for melamine impregnated 
patterns, wood grains, solid colors, and translucent overlays for durable decorative 
laminates. And first, too, for phenolic impregnated N.E.M.A. industrial grades for 
countless electrical, mechanical and structural uses. 


Yes, regardless of what your requirements are for plastic impregnated papers, you'll 
find that Fabricon has what it takes to deliver the quality and service you're looking for. 
Years of experience with all types of thermosetting resins and fillers. Complete 
laboratory facilities for developing new products and processes. Special production 
equipment designed for continuous, precisely controlled operation. Plus facilities, too, 
for slitting, sheeting, and die-cutting to size and shape required. 


But papers for industrial and decorative laminates 
are only one of the many different types of plastic 
impregnated materials now being produced by 
Fabricon to help make good products better. Others 
include asbestos, glass cloth, cotton duck, filter cloths 
and papers, plus a number of other special materials 
developed exclusively by Fabricon to fulfill the 
specific requirements of a wide range of products, 
perhaps yours included! 


W ant more detailed information on Fabricon products, 
facilities, and services? Write for it today! 


FABRICON PRODUCTS 
9 


1721 W. PLEASANT STREET 
RIVER ROUGE 18, MICHIGAN 


Reinforced Plastic Moldings « Plastic impregnated and Coated Materials 


A Division of The EAGLE-PICHER Company 


New Members Qualified 


Continued 


Wichita Section 
Web W. Moore (M) 


Outside Section Territory 

Bruce J. Allen (A), Max E. Counts 
(J), William M. Elam (A), Ralph M. 
Willey (A), Dr. Paul Zivkovich (M). 


Foreign 

Vangala Bhaskara-Reddy (J), India; 
Harold Burke (M), England; Y. S. 
Chow (M), China; James B. Evans 
(M), Hong Kong, B.C.C.; Vernon O. S. 
Peckham (A), England. 


Applications Received 


The applications for membership 
received between July 10, 1956 and 
August 10, 1956 are listed below 


Atlanta Section 


Charles L. Adams, Jr., James U. E. 
Cowie, John H. Eaton, Claude A. Ivey. 


Baltimore Section 
Harvey W. Selway, Lemuel O. War- 
field. 


British Columbia Section 
George Curley, Henry C. Givins. 


Canadian Section 


George D. Clark, Theron B. Finley, 
Greig B. Smith, Horatio W. Thompson. 


Chicago Section 

Thomas F. Bamford, James FF. 
Bueche, John H. Koerber, Joseph M. 
Lyons, William A. Mulcahy, Paul A. 
Myers, Charles K. Pursell, Joseph E. 
Risser, William G. Sheiry, Jr., Warren 
Wong. 


Cincinnati Section 


Aaron Komisar, Richard C. Rossow, 
Kenneth T. Wilbur. 


Cleveland Section 

Ralph W. Barnes, Edwin L. Fort, 
Frank H. Kramen, William H. Moyer, 
Andrew C. Palguta, Arthur D. Schultz. 


Dayton Section 


Donald W. Frink, Jr., James A. Guild, 
James H. Tarter. 


Detroit Section 

Gerald G. Abbey, Ned A. Bania, 
Roger L. Berkbigler, John A. Berst, 
Robert E. Bonzack, William R. Carey, 
Arthur M. Christopherson, Thomas J. 
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M-R-C synthe Seal | 


INTEGRAL SHAFT 


BALL BEARINGS 


Reduce manufacturing and maintenance costs— 
eliminate inner ring and shaft fitting problems. 


SSS 
¢)) poe (C32 


e Bearings protected against dirt and moisture 
during installation and use. 


e Prelubricated unit assures proper type and 
amount of grease. 


e Cartridge type unit simplifies installation with 
minimum of parts. 


When quantities warrant, bearings can be supplied with shaft exten- 
sions having machined holes, grooves, keyways, slots, shoulders and 
threads, and with pressed flingers, snaprings, collars or other parts 
mounted on them. Shaft ends can be supplied unhardened to be mod- 
ified by customer if required. 


M-R-C Engineers are availabie for 
consultation on your bearing probiems. 


MARLIN-ROCKWELL CORPORATION 


Executive Offices: JAMESTOWN, NEW YORK 
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Paragon’ gives you speed 


... Without fatigue! 


~ 


f 


~ 


> 


Check the response-to-the-touch. 
You can actually feel the difference! 


That’s why the Paragon Drafting Machine notice- 
ably cuts end-of-the-day fatigue . . . saves costly 
man hours... helps raise working standards. 

See how easily protractor control ring can be 
reached—no matter what position your hand is in. 
Another time saver. Touch that ring with your /ittle 
finger and scales rotate freely. Release pressure and 
scales automatically lock to nearest 15° position. 


And intermediate angles are just as easily set! 


Top day-to-day performance is guar- 
anteed by unique “open center" de- 
sign of arms which protects smooth- 
working factory-set band tension. 


A good look at a Paragon and a touch on that con- 
trol ring is worth 1,000 words! Try it before you 
buy any drafting machine—you can fee/ the differ- 
ence. 

89 VEARS OF LEADERSHIP 
In equipment and materials for drafting, survey- 
ing, reproduction and optical tooling . . . in slide 


rules and measuring tapes. 


> KEUFFEL & ESSER CO. 


NEW YORK « HOBOKEN, W 4. - Detroit « Chicago « St Lowls - Dallas - San Francisco « Los Angeles + Seattic « Montreat 


Applications Received 


Continued 


Clark, Jr., Jack M. Cudlip, D. Harold 
Davis, Jr., Frank L. Dempsey. Jr. 
Myron Dunn, Ralph C. Emig, Jr., John 
A. Ferrari, Suey Gene Y. Fong, Stuart 
M. Frey, James E. Friant, Lawrence E 
Gaydos, George L. Giasson, William R 
Haney, Jr., George C. Harbert, George 
C. Hargraves, Kenneth L. Hasselkus 
William C. Hester, Raymond F. Hines 
Robert M. Hodgson, Jack W. Hooper 
Donald H. Iacovoni, Robert A. Jack- 
man, Robert C. Kemp, John E. Kenealy 
Charles C. Krueger, Jr., Maynard La- 
gassee, David Levitin, James Lunan 
William M. Miller, Bluford L. Moor, Jr. 
D. F. Roth, R. E. Sawyer, William S 
Shepard, Morris R. Steere, Leo G 
Steinl, Phillip Jay Walcott, Frank 
Wino, Bernard F. Woods, Jr., Alfred C 
Wooll, Edwin L. Yates, Sanvus Yuen 


Hawaii Section 


Anthony A. Arruda, Yoshiaki Tanaka 
William B. Walter. 


Indiana Section 


Thomas E. Battle, William E. Freed 
John E. Irwin. 


Kansas City Section 
Jack McCuaig, John W. Wyatt, J1 


Metropolitan Section 


Everett J. Adler, Warren E. Begas 
Steve E. Colucci, D. Gardner Foulke 
Mark L. Hessel, Joseph J. Kaufman 
Howard G. Kurtz, Jr., Robert Kutrieb 
Griffith May, Larry Mozzar, David O 
Park, Dewey V. Sherman, William B 
Silvestri, Jr., Alfred W. Siman, Hans 
U. von Borcke, Lee Ronald Webster 
Richard S. Wolff. 


Mid-Continent Section 


Richard W. Hurn, Bill Mitacek, Jack 
L. Stout. 


Mid-Michigan Section 
Paul R. Clark. 


Milwaukee Section 


Royal F. Bandemor, Robert F. Bier- 
man, Herbert Geissler, Ronald J. Klatt 
Philip F. Peterson. 


Mohawk-Hudson Section 
James O. Blanton. 


Montreal Section 


Hugh W. Douglas, Bernard Lanctot, 
P. J. Todkill. 


New England Section 
George P. Dinell, F. Cort Turner 


Northern California Section 


Robert H. Duke, Jr., Robert L. Fried- 
man, Edwin R. Hanson, David R. Jones, 
Robert Lee Woolf, E. Bruce Wright. 
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Light, rugged, 
fits any trailer— 


CLARK Tubular 


Trailer Axle 


seta new standard 


with brakes that 


of high efficiency 


and low maintenance 


This husky, lightweight axle has a one-piece tubular 
center of premium analysis steel, forged by the same process 
as the widely used Clark tubular Axle Housing. It is designed 
for practically universal application—in new trailers or for 
replacement; as a complete axle or as a tube minus wheel 
assemblies. 


e Revolutionary brakes establish new standards for high 
operating efficiency and low maintenance. No slack 
adjusters or cam shafts. Brake actuators for air, hydraulic, 
vacuum or air over oil; all mountable at same location— 
minimizing inventory requirements. 


e Two sizes: 

ND 18000—¥% inch section, 5-inch OD 

ND 20000—*% inch section, 5-inch OD 

Standardized spindle dimensions make all wheel and 
brake parts interchangeable for both sizes, and also inter- 
changeable with axles of other makes. Inventory needs are 
reduced to a minimum. 


Advanced Brake Design—both shoes are equipped 
with bell cranks and push rod; and provide Two- 
Leading Shoe effectiveness for highly efficient braking 
action in both Forward and Reverse. No stationary 
pivots—shoes have no fixed location, are free to slide; 
allowing full lining contact and compensation for wear 


Brake linings and shoes can be removed for servicing 
without disturbing actuators. 

As a practical, common-sense step toward more profitable 
trailer operation, send for the helpful Clark Trailer Axle 


Bulletin. Use the coupon. 


CLARK CLARK EQUIPMENT COMPANY 


Buchanan 5, Michigan 
eT by 


Please send bulletin on Clark Trailer Axle. 


NAME 
COMPANY es _—POSITION_ 


induction Hardening—For extra strength at a com- ADDRESS 
mon area of failure, the inner wheel bearing surfaces 

are induction hardened, increasing the fatigue factor 

by 400 per cent. 


ZONE____STATE 
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NORTH AMERICAN AVIATION, INC. 


at Downey, California 
(North east of Long Beach) 


offers stability, top salaries, 


and advancement potential 


in the following positions 


MISSILE DEVELOPMENT DIVISION 
AT DOWNEY 


WRITERS, CONTRACT SPECIFI- 
CATIONS—ME, BS or BA DE- 
GREES REQUIRED. Sufficient in- 
dustrial experience for adequate 
working knowledge of Estimating, 
Contract Administration, Engineer- 
ing Design. Familiarity with Govern- 
ment Specifications affecting design 
problems. Systems involved: Electri- 
cal, Electronic, Electro-mechanical, 
Pneumatic and Hydraulic, including 
Structures (combinations especially 
valuable). Journalistic training an 


asset. 


STANDARDS ENGINEERS—BSEE 
or BSME. Writing training helpful. 
Work with Manufacturing and Engi- 
neering Depts., to review original 
designs or re-work. Survey Stand- 
ards procedures from practical shop 
standpoint. Prepare technical data 
for manuals, interpret Standards 
information, evaluate practicability 
of Govt. and NAA Standards best 


suited to company needs. 


SENIOR ENGINEERS DRAW- 
INGS CHECKER— Degrees in ME 
or EE (ME preferred). Experience 
in electrical or mechanical design 
and manufacturing standards and 
procedures in aircraft or missile 
work preferred. Other experience 
may be adaptable. 


AUTONETICS DIVISION 
AT BELLFLOWER 


CIRCUIT STANDARDS ENGI- 
NEERS-— Specialists in Electronic 
Circuits to coordinate establishment 
of Standard Circuits as may be used 
in equipment for Guidance, Weap- 
ons Director and Flight Control 
systems. 


DESIGN STANDARD ENGI- 
NEERS—Engineers or Designers, 
either Mechanical or Electronics, 
with a varied design background in 
the aircraft equipment field to de- 
velop standard design practices and 
help implant them in systems for 
Guidance, Weapons Director, Flight 
Control and associated instrumen- 
tation. 


STANDARDS ANALYSTS~—Ana- 
lysts, Junior Designers, or Drafts- 
men with minimum of 3 or 4 years 
experience in aircraft or electronic 
equipment who are interested in 
Standards work. To assist the De- 
sign and Circuit Standards Engi- 
neers in the preparation of a design 
handbook and to layout Autonetics- 
designed Standard Detail parts 
drawings. 


Liberal Moving Allowances 


WRITE: 

M. D. Manners 
Engineering Personnel 
Dept. 91-) SAE 

12214 Lakewood Boulevard 


Downey, California 


128 


Housing Readily Available 
Excellent Fringe Benefits 


WRITE: 
A. S. Mittskus 


Engineering Personnel 


Dept. 991-9 SAE 


P.O. Box AN 
Bellflower, California 


Applications Received 


Continued 


Northwest Section 


Sherman W. Evans, Roy H. Johanson. 
Edward A. Rock, Floyd P. Wightman. 


Oregon Section 


Anthony F. Murty, Benedict P. 
Murty, Kenneth Willoughby. 


Philadelphia Section 


Victor E. Boccelli, Lewis J. DeVuono, 
Frank Webb Taylor. 


Pittsburgh Section 


James G. Berry, Jr., Joseph A. Juhas, 
F. Richardz, John M. Senko. 


St. Louis Section 
Bill L. Coffey, Samuel A. Gulotta. 


Salt Lake Group 
George R. Cravens, Don F. Woods. 


San Diego Section 
Jack S. Foster. 


Southern California Section 


Fred L. Boeke, Dale R. Burger, Victor 
B. Casner, Edmund F. Crotty, James F. 
Cullinane, John R. Feemster, Herbert 
W. Fenske, Jr., Robert G. Getrost, Al- 
bert M. Hetzel, Frank A. Hlavacek, 
C. T. Molloy, Cloyd Smith, Peter 
Thatcher, Benjamin T. Wakabayashi. 


Southern New England Section 


James V. Altieri, Jr., Erling J. Blig- 
ard, Manly E. Carroll, Jr., Thomas E 
Doherty, Walter D. France, Andre P. 
Sampou. 


Syracuse Section 
Alexander H. Dunbar. 


Texas Section 
David L. Kors. 


Texas Gulf Coast Section 
John B. Milwee. 


Twin City Section 
Derek D. Legg. 


Washington Section 
Leon O. Brooks, James E. Doran. 


Outside of Section Territory 

Manuel F. da Silva De Medeiros, 
Arthur J. Knippler, John W. F. Petch, 
Donald H. Roach. 


Foreign 

Egon Ardelius, Sweden; John A. 
Black, Australia; Leon Gattegno, Bra- 
zil; S. H. Grylls, England; Birger Hol- 
mer, Sweden; Ahmed A. Issa, Egypt; 
Jack T. Sydenstricker, Brazil. 
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For fifty years, Stackpole engineering has centered around two of 
the most basic, oldest-known elements—carbon and graphite. 


Singly, in combination or mixed with metal powders to form 
Stackpole materials and components, these age-old elements excel 
in meeting many of today’s most exacting design, engineering and 
cost requirements. 

Carbon and graphite offer a maximum of the desirable properties 
of both metallic and non-metallic materials—with a minimum of 
their disadvantages. 


In many instances, they solve problems of friction, temperature, 
arcing, commutation, corrosion, voltage regulation, sealing and 
many others better, more economically than any other materials. 








Only a selected few of the 






better-known Stackpole products 






are shown here. Inquiries are 







welcomed for other types- 


whenever conditions indicate 






that the unique characteristics 






of carbon-graphite-metal 






powder materials or 






components might answer 







a problem. 
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STACKPOLE CARBON COMPANY, ST. MARYS, PA. 


Plants in St. Marys, Pa. (2); Kane, Pa. (3); Johnsonburg, Pa., and Toronto, Ontario 





a 7 


BRUSHES 


for all rotating electrical equipment 


From the first practical high-altitude brushes 
to the latest 12-volt automotive and aviation 
types, Stackpole brushes cover the range of 
high-altitude and earth-surface requirements. 
Each type is specifically “tailored” to the 
equipment. Maximum commutation, trouble- 
free performance and long life are thus assured. 


RESISTANCE WELDING 
AND BRAZING TIPS 
Famous Stackpole “F’’-treated 
types last 4 to 5 times as long 
as conventional untreated tips. 


SEAL RINGS 
Types for sealing water, oil, 
chemicals and gases. New type 
Stackpole. oil seals greatly re- 
duce pitting and blistering. 


POWER TUBE ANODES 
Non-warping, long-life types in 
practically any shape, size or 
composition for modern tubes. 


VOLTAGE REGULATOR DISCS 


Pressure-sensitive carbon disc 
stacks for critical resistance or 
voltage control uses. 


ELECTRIC FURNACE 
HEATING ELEMENTS 


For heavy-duty industrial ap- 
plicationsto6000°F .andabove. 


: 


GROUNDING RODS 


Effective cathodic protection 
for buried pipe lines, storage 
tanks, structural footings, im- 
mersed structures, ship hulls 
and other marine installations. 


CHEMICAL ANODES 


Types and shapes for any cell, 
plain or treated for greatly 
minimized deterioration and 
maximum low-voltage opera- 
tional economy and life. 


CONTACTS 


Silver-graphite + Silver-lead 
oxide + Silver-nickel + Silver- 
molybdenum -« Silver-tungsten 
« Copper-graphite + Silver- 
copper-graphite + Gold- 
graphite + Silver-iron oxide. . . 
and many special grades, each 
specifically engineered to the 
application in which it is used. 


WELDING CARBONS 


Carbon-graphite and copper- 
coated electrodes + Welding 
plates - Welding paste 


Ne 


Special types for ferrous and 


non-ferrous foundry work 
* Glass molding * rail bonding 
* powder metallurgy molding 
and many other similar uses. 


Also... PoROUS CARBON - CARBON RODS FOR SALT BATH RECTIFICATION » WATER HEATER & PASTEURIZATION 
ELECTRODES + CLUTCH RINGS « BEARINGS + FRICTION SEGMENTS - CARBON CONTACTS + TROLLEY & PANTAGRAPH SHOES 
SPECTROGRAPHITE + DASH POT PLUNGERS + BRAZING FURNACE BOATS & TRAYS... and many more. 


y 





electronic 
components 


... SINCE THE “KNEE PANTS” DAYS 
OF RADIO 


New RC-10 Electronic Component Catalog 
gladly sent on letterhead request. 


Electronic Components Division 


STACKPOLE CARBON COMPANY, ST. MARYS, PA. 


“ (- . Plants in St. Marys, Pa. (2); Kane, Pa. (3); Johnsonburg, Pa., and Toronto, Ontario 
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Johns-Wanville Brake Blocks 


Chicago Transit Authority—the world’s largest and most modern City Bus line 
—operates a fleet of over 3000 vehicles in the city and suburbs of Chicago, Illinois. 


hicago Transit Authority Buses 


set new standards of performance 


In recent exhaustive comparison tests con- 
ducted by the Chicago Transit Authority 
—where brake maintenance is a ritual— 
Johns-Manville Brake Blocks gave 40% and 
80% more mileage than that given by Brand 
B and Brand C. On new bus equipment 
operating under regular service conditions 
—these quality Johns-Manville Brake Blocks 
clearly demonstrated lower brake cost per 
mile, smoother stops, minimum shop and 
out-of-service time. 

Johns-Manville 4-Star Brake Blocks can 


bring you these benefits, too. To match your 
requirements they are available in individual 


units, or combination sets of high, medium 
or low frictional characteristics. Regardless 
of the type of brake, or service conditions 
under which it must operate, there is a J-M 
Brake Block custom-engineered for the spe- 
cific job it has to do. 

Johns-Manville Field Engineers will help 
study your fleet operation and assist you in 
selecting the precise brake blocks which best 
match your particular operating conditions. 
There is no charge or obligation involved. 

Write today for helpful information on any 
brake problem. Address: Johns-Manville, 
Box 60, New York 16, New York. 


They're easy \ 
on drums 


4) Johns-Manville 26/2s/2° BRAKE LININGS 
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Announcing...the First 


HMDIRVAUIEIG 


Flame tests prove its fire-snuffing ability 


This photo shows the instant 
combustion taking place when 
a conventional hydraulic oil of 
mineral oil type is atomized over 
a Bunsen burner. 


In this photo, Shell Irus Fluid 
902 replaces the mineral oil. 
Note that there is no ignition. 


SHELL IRUS FLUID 902 
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Oil-Base fire-resistant 


Photo courtesy 
Hydraulic Press Mfg. Co., and MACHINERY 


It is a direct replacement for hydraulic oils 
now in service. 

Noncorrosive, and nonrusting. Steel and 
copper panels immersed in Irus Fluid 902 for 


Arres THREE YEARS of intensive research, 
field application and evaluation, Shell Irus 
Fluid 902 is now commercially available for 
use in industrial hydraulic systems. While its 


cost is far lower than other fire-resistant fluids, 
its performance is comparable. 


No major modification of equipment is 
necessary. Shell Irus Fluid 902 is a special 
formulation containing no corrosive ingredi- 
ents... no adverse effect on seals or fittings. 


SHELL OIL COMPANY 


50 WEST 50 STREET, NEW YORK 20, NEW YORK 


100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 
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one week at 160°F have shown no significant 
signs of corrosion. Rusting has not been a 
problem in long-continued field tests. 

This is an efficient fire-snuffing hydraulic 
fluid that can be widely used. Send coupon 
for details. 


SHELL Or, COMPANY 
50 West 50th St. or 100 Bush St. 
New York 20, N. Y. San Francisco 6, Cal. 


Please send me test data and information on 


Shell Irus Fluid 902. 


Name 
Company 
Address 





For Ball Bearings 
THE TREND IS TO SKF* 


Sleek, slim, powerful, quiet ... Mercury Outboards 
are the ruler of speed and spray — “Master of the 
Waterways.” Kiekhaefer Corporation, who makes 
them, was first to feature extensive use of anti- 
friction bearings in outboards. And Kiekhaefer is 
another concern that purchases single row, deep 
groove ball bearings from Sis. 


It’s a trend... brought about because those whose 
has them all business is to buy bearings recognize the improve- 
ments 0S has achieved in ball bearings — 

improvements in quiet running, improvements in 
sealing, improvements in bearing life. Maybe you 
too should switch to @fsf Ball Bearings. 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


7709 
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Ball Bearings ©) Cylindrical Roller Bearings (2 
Spherical Roller Bearings (> “Tyson Tapered Roller Bearings > 





Dissimilar Metals in 


Electrical Contacts Where and When 


In electric welding, the arc carries metal from the welding 
rod and deposits it on the work. 


Let 
4. 


Similarly, in d-c applications, the negative contact sometimes 
develops a pit, the migrating metal forming a cone on the 
positive side. Aggravated conditions cause contacts to stick. 


idan 
Wa * 


The tendency to transfer may be minimized or eliminated by 
the use of dissimilar metals . . . a refractory metal on the 
negative side and a metal or alloy with which these metals 
do not readily weld on the positive side. 


A copy of this book is 
yours for the asking. 
FANSTEEL 
METALLURGICAL 
CORPORATION 
NORTH CHICAGO, 
ILLINOIS, U. S. A. 


F555 


FANSTEEL ELECTRICAL CONTACTS DEPENDABLE SINCE 
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to Use Them. 


While many contact problems have been solved by combining 
dissimilar contact materials, there is no easy, specific rule to 


dictate their selection. 


In d-c circuits for instance, especially under inductive loads, 
metal transfer between contacts often occurs. This problem has 
been minimized, and in some cases eliminated completely, by 
employing two different metals: tungsten or molybdenum on 
the negative contact surface, and a metal to which refractory 
metals do not readily weld on the positive surface. 


For example, Fasaloy* 12 paired with Grade CaW Tungsten 
has been a widely accepted combination for automotive, avia- 
tion, and industrial voltage regulators, telephone pole changers 
and other types of vibrators. This particular combination has 
not only solved the transfer problem, but also improved con- 
tact surface resistance and almost completely eliminated oxida- 
tion. Another example but under less severe conditions: Fasaloy 
35 paired with Grade CaW Tungsten; and fine silver or one of 


the silver Fasaloys paired with molybdenum. 


Where the rate of metal transfer is so pronounced that 
C8 


applications such as lamp loads or inductive peaks which in- 


sticking or welding of the contact surfaces result . . 
volve heavy inrush currents . . . pairing Fastell* E with fine 


silver may solve the problem. 


Along with minimizing or eliminating metal transfer, the 
right dissimilar metals can be paired to effect a low coefficient 
of friction. A combination of Fasaloy* 106 and fine silver has 
successfully reduced mechanical wear in contact operation 
where rotary, rubbing or wiping action is employed to keep 
contact surfaces clean. 


Whatever the solution to your contact problem, Fansteel’s 
experience in metallurgy and electrical contact engineering can 
specify it for you. Whatever the problem, it’s always a good 
policy to CHECK WITH FANSTEEL. 


* Registered Trade Marks 


1914 





How these products were improved and costs lowered... 


with NICKELPLY; BRASSPLY* and COPPERPLY’ wire! 


@ National-Standard Nickelply, Brassply and Copper- or copper wire, or can eliminate the costly post-plating 
ply is electro-jacketed steel wire—a new development of steel wire forms... and with unmatched assurance of 
offering important advantages to manufacturers and coating coverage! Advantages in strength, durability 
users of wire forms and components. Specifically and economy are obvious. 

The jacket metal, precisely concentric and to the re- Nickelply, Brassply and Copperply are now available 
quired thickness, is inseparably bonded to the steel wire. commercially in diameters up to .340’’. Pertinent data 
The materials can be severely formed, twisted, swaged, on coating weights, strengths, finishes, base materials, 
welded, roll threaded or redrawn without fracturing the corrosion resistance, etc., are given in Bulletin K-10. 
jacket metal or otherwise exposing the base metal. Thus Why not send for it now and explore these new 
these new materials can often replace solid nickel, brass possibilities? *Trade Mark National-Standard Company 


NATIONAL-STANDARD COMPANY «+ NILES, MICHIGAN 
Tire Wire, Stainless, Fabricated Braids and Tape 


ATHENIA STEEL DIVISION + CLIFTON, WN. J. WAGNER LITHO MACHINERY DIVISION + JERSEY CITY, W. J. 
Flat, High Carbon, Cold Rolled Spring Steel Special Machinery for Metal Decorating 


REYNOLDS WIRE DIVISION + DIXON, ILLINOIS fe X WORCESTER WIRE WORKS DIVISION + WORCESTER, MASS. 
Industrial Wire Cloth f \ Round and Shaped Steel Wire, Small Sizes 





STRAIN 


Cleve-weld rims are designed six ways better! 


1. Rim thickened at strategic points... 
increases resistance to severe stresses. 
2. Tapered beads on both sides of rim 
... tire mates firmly with the rim. 

3. 28° mounting bevel...enables rim to 
be mounted on all cast wheels. 

4. Lightweight construction...means 
higher payloads for customers without 
loss of strength. 

5. Tire rests on tapered bead seat...tire 
stays put when puncture occurs. 


EXAMPLES OF CLEVE-WELD PROCESS PRODUCTS 


i) 
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JET RINGS GEAR TRUCK RIMS 
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Another (in?) Product 


MOTOR IDLER 
NKS HOUSINGS WHEELS 


can halt your customers’ payloads when rims don’t give top perform- 
ance. Stop complaints. Specify Cleve-Weld as your primary rim source. 


6. Designed for any brand or type of 
tire... flexibility ends tire replacement 
problems. 

For 45 years Cleve-Weld has special- 
ized in rolled and welded circular prod- 
ucts...good reason why you save when 
you specify Cleve-Weld as your primary 
source for all rolled and welded circu- 
lar parts. We'd like to talk it over. 
Write Circular Welded Products Sales 
Department at address below. 


| 


CLEVELAND WELDING DIVISION 
Ta Ses aMeRiCAN MACHINE & FOUNDRY COMPANY 
RIMS « RINGS > WELDMENTS Cleveland 11 ,Ohio 
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THIS IS THE BASIC CLEVE-WELD PROCESS. 
Rectangular bars or special contoured sec- 
tions of steel are rolied into a circular form. 
Next, the part is welded and then expanded 

into 4 true circle. This tests the 


weld and insures accuracy. Later 
operations add stress relief and 
desired hardness. 


SEND THIS COUPON NOW 


Cleveland Welding Division 

American Machine & Foundry Company 
West 117th Street and Berea Road 
Cleveland 11, Ohio Dept. SAE-69 
Please send me: 


O Truck Rim Catalog 
0 Tractor Rim Catalog 
O Brochure on Cleve-Weld Process 


Name. 


a eciaiiaiaiccitarits neice cane ata 
Attach to your company letterhead and mail 
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chrader valves on new 
Tubeless-Equipped vehicles 
is the best ever! 


With the giant swing to tubeless, Schrader Valves make maintenance and service 
simpler than ever, regardless of vehicle requirements. Schrader Valves become 
one with the rim .. . seal air as securely as the tire itself. The standard “long- 
core” principle engineered by Schrader half a century ago is unequalled for effec- 
tive sealing. As the leading air products supplier to the industry, Schrader works 
with manufacturers to meet specific needs ... keeps abreast with full lines... 
provides service, tools, parts and information wherever your product goes. 


You can count on Schrader for latest tubeless tire valve design, developments, 


and above all... performance! 
THESE ARE SOME OF THE NEWEST E-Z-E MOUNT TUBELESS VALVES AND THE LATEST VALVE PRACTICE 


Schrader 
sveter No. 423 

Schrader (T.R. No. 420) (T.R. No. 423) 

No. 414 a“ : : Schrader —_— 

Schrader (T.R. No. 414) gil < ne 3575 

No. 41 << re | T.R. No. 3575) 

- Schrader (T.R. No. 


No. 418 < 


0. 413 
(T.R. ) 
Schrader at T.R. No. 413 


No. 600 ‘iii <— ' 
TR. No. 600) HNN ~ (T.R. No. 418) 
<_ 


A. SCHRADER’S SON * Division of Scovill Manufacturing Company, Incorporated * 470 Vanderbilt Avenue, Brooklyn 38, N. Y. 
FIRST NAME IN TIRE VALVES 


FOR ORIGINAL EQUIPMENT AND REPLACEMENT 
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ONE OF THE GARLOCK y] 000 
’ 


Springless Klozure (cutaway) shown on a 
BALL BUSHING (linear ball bearing) 
manufactured by Thomson Industries, Inc., 
Manhasset, New York 


Kliozure* Oil Seals Protecting bearings from dust and other 
contamination is as important in linear applications as it is in 

rotary bearing applications. That’s why Thomson Industries, 

selected Garlock Klozure Oil Seals Model 71-A for their linear ball 
bearing. Thomson found that the unique design of the 71-A and 

its synthetic rubber sealing element made it ideal for their 

limited space, low pressure, grease retaining application 


Let us show you how one of “the Garlock 2,000” can help 
you... you can choose from two thousand different styles 
of packings, gaskets, and seals to meet all your needs. 
It’s the only complete line... it’s one reason 

you get unbiased recommendations from 

your Garlock representative. Call him 

today or write for Klozure Catalog 10 


*Registered Trademark 


THE GARLOCK PACKING COMPANY, Palmyra, New York 


For Prompt Service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada 


e% Fe . Packings, Gaskets, Oil Seals, 
G k © < Kx Ni Mechanical Seals, 


Rubber Expansion Joints 
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WEATHERHEAD 


First in components 
for HYDRAULIC SYSTEMS 


Look at anything . . . anywhere in the world . . . in 
hydraulics, diesel power or machine tool applications . . . 
equipment for instrumentation, oil drilling, mining, road 
building, petro-chemicals or even atomic power . . . 
chances are the vital air and fluid lifelines are secured 


with WEATHERHEAD. 


Reusable Hose Ends 


i 


Bulk Hose 


CIENT 
GE ce == 


Hose Assemblies 


65) WEATHERHEAD 
—— FIRST IN HYDRAULIC CONNECTIONS 
THE WEATHERHEAD CO., FORT WAYNE DIVISION 


Dept. AD-9, 128 West Washington Bivd., Fort Wayne, Indiana 
In Canada: The Weatherhead Co., Ltd., St. Thomas, Ontario 
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WEATHERHEAD 
The only single-source hydraulic hose 
and fitting line. 


Available coast-to-coast through 
Weatherhead distributors. 
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New Strength and Safety for the 
"Second Greatest Show on Earth”’ 


When P. T. Barnum rode the fabulous 
cog railway up New Hampshire's 
6288-ft Mount Washington, he dubbed 
it “the second greatest show on earth 
Every summer, some 35,000 riders tend 
tO agree 

The locomotives chuffing stubbornly 
to the summit look like museum pieces, 
and the right of way is somehow remi 
niscent of a roller coaster at an amuse 
ment park. Yet from the time the line 
started nearly ninety years ago no pas- 
senger has lost his life 

The line jealously guards this safety 
record, and this summer is placing in 


service a spanking new coach, its first 
all-metal one. With emphasis on light- 
weight construction, the car will have an 
underframe built of Mayari R high 
strength low-alloy steel. With a yield 
point a good deal higher than that of 
carbon structural steel, the Mayari R 
frame members can be much lighter 
ind still provide all the strength that 
will ever be needed 

This is an off-the-beaten-track ex- 
ample of Mayari R’s value in railway, 
automotive, structural and general 
manufacturing use. Mayari R is unusu- 


ally strong, is unusually paint-adherent 


and unusually resistant to corrosion and 
abrasion. It can be welded and worked 
as readily as carbon steel. Catalog 353 
explains it in detail, and shows dozens 
of interesting applications. You can get 
a copy through our nearest sales office. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 


Mayari R... High-Strength, Corrosion-Resisting Steel 





750-TON CLEARING PRESS — 
PART OF 


ROHR’S 
MULTI-MILLION 
DOLLAR 

TOOL KIT 


This mighty press is one of 

the largest of its kind in the world 
With its precision fingers it is 
particularly adapted to the delicate 
function of forming compound- 
contour skin sections for aircraft 


assemblies of many kinds. 


Today, with this and hundreds of 
other heavy manufacturing 
machines, Rohr produces over 
30,000 different parts for aircraft 
of all types. This is, of course, in 
addition to Rohr’s being recognized 
as the world’s largest producer 

of ready-to-install power packages 


for airplanes 


For design and engineering 
know-how, for full production 
facilities look to Rohr to build more 


into the aircraft parts you need 


In addition to the Lockheed C-130 
Hercules shown here, Rohr builds power 
packages for many other leading 


— ae commercial and military planes which have 
t elemst!) —— - made Rohr famous as the 
on UNITE 


D STATES AIR FORCE \ WORLD’S LARGEST PRODUCER 


t 2 OF READY-TO-INSTALL 
a POW-R-PAX FOR AIRPLANES 


KON 
AIRCRAFT CORPORATION 


PLANTS IN CHULA VISTA AND RIVERSIDE, CALIFORNIA; WINDER, GEORGIA—SOON TO BE IN AUBURN, WASHINGTON 
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THINGS 

ors. 
REMEMBER 
THE NEXT 

TIME 

YOU 

BUY 
_ ENGINE 
BEARINGS 


. Since 1925 our engine bearings have been 


specified by leading engine manufacturers. 


. The great emphasis we place on research, 
precision-control and product testing enables 
us to meet the most rigid engineering 


requirements. 


. Two modern plants permit us to handle 
small orders or big production runs with 


equal facility. 


. New improved processes provide produc- 
tion economies that make our quotations 


decidedly to your advantage. 


Steel-backed, copper, lead and 


DETROIT ALUMINUM  & _ ___ pluominum alloy-tined bearings ore 
B RAS Ss CO R PO RAT | O N | lead-tin over-plated to customer's 


DETROIT 11, MICHIGAN specifications. 


Plants at Detroit, Michigan and Bellefontaine, Ohio 
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CUT COSTS FROM BARREL TO BEARINGS... 


Change lubrication methods from 


Forward / 


ALEMITE POWER HOUSE” 
BARREL PUMP 


saves 95 man-hours for every 400-/b. 
drum of lubricant you use 


Lubricating hundreds of bearings by slow, outgrown hand 
methods is a costly waste of time and money. A modern 
Alemite “Power House” Barrel Pump does the job much 
faster —at less cost. You save 95 man-hours for every 400- 
Ib. drum of lubricant used. And because a completely sealed 
Alemite Barrel Pump system gives cleaner, more efficient 
lubrication, you make big savings right down the line. Sav- 
ings in less down-time, and lower maintenance costs... in 
greater efficiency and output. 


Air-powered Alemite Barrel Pumps fit directly into either — 
a 400- or 120-lb. drum, send lubricant wherever it is needed - 


anywhere in the plant. Or drum and pump can be placed 
on a dolly to go right to the machines. You get the big ad- 
vantage of a completely sealed’ system. Lubricant reaches 
bearings “refinery clean’’—no mess or waste. 


_ALEMITE 


REG. U, S. PAT, OFF. 


BARREL PUMPS 
Products of STEWART-WARNER CORPORATION 


all 


@ An Alemite Barrel Pump, 
either air or electric powered, is 
inserted in a fresh drum 
of lubricant. Lubricant is still 
sealed —’‘refinery fresh.” 


@ Now the Barrel Pump supplies 
lubricant, through pipe, anywhere in 
the plant. Operator simply carries 
a hose and control valve to outlet, 
hooks it in, applies lubricant. 


@ Where piping of lubricant is not 
practical, power lubrication can 
be brought right to the machine 

by simply mounting drum 
and pump on a dolly. 


FREE! New Booklet: 
“5 Plans for Better Lubrication” 


Alemite, Dept. JJ-96, 1850 Diversey Parkway 
Chicage 14, Illinois 


Pleose send me my FREE copy of **5 Plans for Better Lubrication.” 
Nome 

Company 

Address 


City State 





MB engine mount proves 
good for 132000 miles! 


SECTION OF AN ISOMODE UNIT. 


Despite heat, road shock and other rigorous 
service conditions, the mount did not fail even 
after 132,000 miles. Many such mounts are now 
isolating engine vibration for a famous fleet 
of buses 


Above you see a section of an Isomode”® type 5 
vibration isolator after 132,000 miles of bus serv- 
ice. Breaking an endurance record, the mount 
could easily have gone to 150,000 miles. 


It takes an extremely rugged mount to survive 
the countless road shocks, engine vibration, and 
stresses of so much travel... and still be good 
for more. As for performance, these mounts were 
originally specified for the well known buses 
they’re in because of outstanding vibration 
isolation. 


It’s all due to their design . . . the original 
“Isomode” principle developed by MB over 10 
years ago. Cores are in balanced compression 
and shear. . . for the same spring rate in all 
planes. This controls all modes of motion with 


equal efficiency, permits mounting at any angle. 
Note, too, that this design is self-snubbing, pre- 
venting excessive motion and damage. 


These special-performance, type 5 Isomode 
units are available as standard parts, with or 
without mounting ears, for loads of 50 to 2500 
pounds. They can also be adapted to your spe- 
cific needs. 


Satisfying difficult vibra- 
tion control requirements 
has been MB’s business for 
17 years. You’re welcome to 
draw on this experience. 


Bulletin 616 gives useful 
data. Send for your copy. 


1060 State Street 


MANUfSACTUTINE COMPANY New Hoven 11, Conn. 


A Division of Textron Inc. 


HEADQUARTERS FOR PRODUCTS TO ISOLATE VIBRATION...TO EXCITE IT...TO MEASURE IT. 
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in the home 
everybody 
benefits from 


STAINLESS STEEL 


THE ARCHITECT designs Stainless 
Steel into windows, kitchens, work sur- 
faces, ovens and other important places 
because he knows there is nothing like 
Stainless for clean, lasting beauty. 


THE BUILDER has had long experience 
with Stainless Steel. It’s easy to install, 
does not chip or peel, and its beautiful 
finish presents no problem on matching 
or replacement. 


the owner likes living with Stainless Steel. It’s always 
gleaming and beautiful, cleans with a wipe, and lasts forever. 
And, to complement her kitchen she loves to own those shiny pots, 
pans, tableware, and appliances, all made of Stainless Steel. 


Mc LouTH STAINLESS STEEL 


FOR THE PRODUCT YOU MAKE TODAY AND THE PRODUCT YOU PLAN FOR 
TOMORROW SPECIFY McLOUTH HIGH QUALITY SHEET AND STRIP STAINLESS STEEL 


McLouTH STE€- Cor PORATION DETROIT, MICHIGAN ¢ MANUFACTURERS OF STAINLESS AND CARBON STEELS 





Flexloc thin nuts save space, 
weight and production time 


Self-locking nuts are 30% lower 


and lighter; speed up assembly 


with hand or power tools 


Self-locking FLextoc thin nuts are 30%, lower than 
regular height locknuts of the same nominal diameter. 
They fit into spaces where regular height locknuts will 
not go. You can design lighter, more compact units 
with them. 

Where you must reduce weight in a completed as- 
sembly, you can save by using shorter bolts with these 
lighter nuts. And you save production time. The length 
of engagement of mating threads is shorter: fewer 
revolutions of hand wrenches or power nut runners 
are needed to seat them. 

FLEXLOC nuts are of I-piece, all-metal construction. 
You can use a FLEXxLoc fully seated as a locknut or at 
any point along a bolt as a stop nut. Once the threads 
in the resilient locking section are fully engaged, the 
FLEXLOC grips the mating threads with uniform locking 
torque wherever wrenching stops. Since there are no 
nonmetallic inserts to come out or deteriorate, the 
locking life of a FLEXLOc is virtually unlimited. 

Y our authorized industrial distributor stocks FLEXLoc¢ 
nuts in a variety of sizes, materials and finishes. Consult 
him for details. Or write us for information about your 
special locknut problem. Flexloc Locknut Division, 

—— 


: | STANDARD PRESSED STEEL Co., Jenkintown 55, Pa. 
SPECIFICATIONS \ ‘“ 
See 
. ’ 


FLEXLOC THIN NUTS 
ey Eceated...% 


NATIONAL COARSE THREAD—U.S.S 


WIDTH WEIGHT PER 
ACROSS 1000 NUTS 
CORNERS 


361 
.397 
433 
505 

649 


—UWN— 
OkWO@w 





722 
-866 
938 


REGULAR 


hOoOh-A 


FLEXLOC thin nuts are 30% lower than regular height locknuts. 
There is a corresponding saving in weight. In sizes through 
‘4, in., thin FLEXLOCs meet tensile strength requirements for 
regular height locknuts. FLEXLoc nuts can be made in the 


NATIONAL FINE THREAD—S.A.E. thin type because every thread, even those in the locking 
‘i section, carries its full share of the load. There are no 


312 2: 361 nonmetallic inserts to waste head space or weaken the 
375 172 aos structure of the nut. 
.438 505 
: — - - Standard FLEXLOC self-locking thin nuts are available in plain or 
63 2 649 . cadmium plated alloy steel, for use in temperatures to 550°F; 
7c 3 aoe in plain or silver plated corrosion resisting steel, for tempera- 
87 35 1.010 tures to 750°F; and in brass and aluminum, for temperatures 
= tol nciuttinael caiman to 250°F. 


2 27 
443 
660 | 
876 . STANDARD PRESSED STEEL CO. 
093 


309 : 
| | 326 | FLEXLOC LOCKNUT DIVISION ps 
plain or cadmium plated) in stock sizes JENKINTOWN PENNSYLVANIA 
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A lange versatile family of, 
AMERICAN BOSCH 
SMALL ELECTRIC MOTORS 


for aulomotive sowiees 
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American Bosch offers a variety of small, 
high torque electric motors, precision engi- 
neered for quiet power and sturdy depend- 
ability. If you have one or a number of small 
motor requirements in your designs, put the 
problem up to American Bosch, Springfield 
7, Mass. A Division of American Bosch 
Arma Corporation. 


TO POWER 
WINDSHIELD WIPERS e VENTILATORS 
WINDOWS e SEATS e TOPS #« HOODS 
STARTERS @e HEATERS @e TRANSMISSIONS 
AND AXLE MECHANISMS 





& i 


Essex Wire Corporation Battery Cable— 
Made of Kaiser Aluminum— 


provides saving of 14% 


American Motor Corporation engineers, alert for ways 
to reduce costs without reducing quality and perform- 
ance, have standardized on aluminum battery cable for 
Rambler, Nash and Hudson cars. 


Aluminum cable, supplied by Essex Wire Corporation, 
Detroit, weighs only half as much as copper and provided 
an initial cost reduction of over 14%. Aluminum’s light 
weight also makes possible additional savings in shipping 
costs and contributes to over-all weight reduction. 


This all new aluminum battery cable was engineered. 
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and designed to supply equal current carrying capacity 
and lower resistance than equivalent copper cable. 


This is one more example of how versatile aluminum 
... combined with sound engineering... can improve 
quality and reduce costs in the automotive industry. 


Make our automotive development engineers your 
“idea partners.” Combine your knowledge of your prod- 
uct with our experience with aluminum to help you obtain 
maximum improvements and savings. 


Also, if you need assistance in finishing, welding, forg- 
ing, roll-forming, extrusions, stampings, castings—or 
desire engineering service or fabricating counsel—our 
development engineers will gladly provide it. 


Call our Automotive Development Division, TRinity 
3-8000, Kaiser Aluminum & Chemical Sales, Inc., 1414 
Fisher Bldg., Detroit 2, Michigan. General Sales Office, 
Palmolive Bldg., Chicago 11, Ill.; Executive Office, Kaiser 
Bldg., Oakland 12, California. 


Kaiser Aluminum 


See “THE KAISER ALUMINUM HOUR.” Alternate Tuesdays, NBC Network. Consult your local TV listing. 
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ics Flight Test 


Autonetics 


w 


neti 


flying laboratories” 


spearhead electro-mechanical breakthroughs 


Before major battles can be won in the development 
of automatic control systems, much scientific recon- 
naissance must take place high in the air. 

\uTonetTics’ Flight Test Section is uniquely) 
equipped to do this job—in all phases of systems 
development, whether the projects are fresh from the 
laboratory or in final performance evaluation. Using 
probably the largest fleet of test vehicles in the indus- 
try. Flight Test experts extend AUTONETICS’ engineer- 
ing into the elements...at altitudes, speeds and 
extreme conditions that are dress rehearsals of pos- 
sible future situations. 

Keeping accurate, automatic records of systems 
performance during these live tests is another great 
challenge. Since the best available recording equip- 
ment is usually less accurate than the system being 
tested, extraordinary custom-engineering is required. 
For example, normal instrumentation recording set- 
ups usually contain a percentage of error, and the 
data on these systems must be gathered to such 


AUTOMATIC Scent regis MAN 


accuracy that new and specialized techniques and 
equipment are necessary. These electronic refinements 
are designed and built right on the spot at AuTo- 
NETICS Flight Test, assuring hitherto unknown 
degrees of precision. 

In 10 years AuToNeETICS has achieved full capa- 
bility in research, development, design, manufacture 
and test of complete systems in information process- 
ing, inertial navigation. flight controls, weapons direc- 
tor controls, computers and other special products. 

For more detailed information, or for employment 
in any one of these fields. please write : AUTONETICS, 
Dept. SAE-N4. 12214 Lakewood Blvd.. Downey. 


California. 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION 


INC 


HAS NEVER wt ke SEerORE 
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For more customer satisfaction—equip 
your trucks with the world’s most preferred 


air brakes—BENDIX-WESTINGHOUSE! 


ee 


Weve bought 1455 trucks 


AND WHEN IT COMES TO AIR BRAKES, WE PREFER 


Beadixffesinghoue! 


THE WORLD'S MOST TRIED AND TRUSTED AIR BRAKES 


‘Weve bought 2000 trucks 


AND WHEN IT COMES TO AIR BRAKES, WE PREFER 


De oD oT he 


THE WORLD'S MOST TRIED AND TRUSTED AIR BRAKES 


MR. P. M. THOMAS, President 

All States Freight, Inc 

From his company's modern main terminal MR. STANLEY L. WASIE, President 
and executive offices in Akron, Ohio, Mr Merchants Motor Freight, Inc 
Thomas directs the activities of a firm 
serving the area from Chicago, Illinois, in 
the west to Boston, Massachusetts, in the 
northesst, and Baltimore, Maryland, in 
the south conscious organiza 
tion, winner utive President's 
Trophies each « ng 1,000,000 miles 
of accident-fr employs over 850 
people and maintains | 4 terminals. In 1955 
All States Freight, Inc., rolled up nearly 
17,000,000 miles while operating oa certis 
fied routes totaling 4,157 milea 


lor twenty-five years Bendix-Westing- —_ of truck models of all sizes. 
house Air Brakes have been the first 
choice of truck manufacturers and truck 
operators everywhere, consistently out- 
selling all other makes of air brakes com- 
bined. In fact, recognition of the greater 


Chances are good that your trucks, too, 
offer the many advantages of these 
powerful brakes. If not, we suggest that 
you take advantage of the proven 
preference and superiority of Bendix- 


safety, economy and dependability of 
Bendix-Westinghouse Air Brakes by 
truck buyers has resulted in their factory 
installation on an ever-increasing number 


cadsxYfestinghouce OP a 


Westinghouse Air Brakes by offering 
them as factory-installed equipment. It’s 
one sure and easy way to add more sales- 
appeal to your vehicles! 


Over 1,500,000 compressors, produced 
over a twenty-five-year span, stand 
behind the TU-FLO 400. Many ad- 
vanced features guarantee performance 
no other compressor can equal 


IR BRAKES 


BENDIX-WESTINGHOUSE AUTOMOTIVE AIR BRAKE COMPANY « General Offices and Factory—Elyria, Ohio *« Branches—Berkeley, Calif. and Oklahoma City, Okla. 
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Gain 99% More 


MOC ae 
MT lulem a celeliare, 
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Steel gussets, °s-in. thick are sigma welded to %-in. thick drum ends at an average speed of 


15-in. per minute, 


This welding operator doesn’t have to bother with fluxes—and he doesn’t lose valuable 
time changing burned down electrodes. In fact, by using sigma welding in this operation, 
the Cardwell Manufacturing Company, Wichita, Kansas has increased welding speed 


and almost doubled are time. The results—a better product, faster, and at less cost. 


AUTOMATIC WIRE FEED 


Sigma welding uses a welding wire, supplied from a convenient sized coil, as a consumable 
electrode. In this case it is stainless steel wire which is fed automatically, and at a pre- 


determined rate, into the welding arc. This ups welding speeds and simplifies work. 


NO FLUX 


lhe are is maintained in a shield of argon gas which envelopes the area between welding 
wire and work piece. Inert gas protection assures highest weld quality, and further simplifies 
welding operations. 

Sigma welding is available in both manual and mechanized setups. Call or write your 
local LinDE representative for free illustrated literature, and find out how you can gain new 


production speed and unit quality with a sigma welding installation 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street (9 New York 17, N. Y 


Offices in Other Principal Cities 
In Canada: LINDE AIR PRODUCTS COMPANY Trade-Mark 


Division of Union Carbide Canada Limited, Toronto 
The term ‘‘Linde”’ is a registered trade-mark of Union Carbide and Carbon Corporation 
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This outstanding 


Aluminum Strip 


excels ways! 


When specifying pre-painted stock, most users know that compromises 
CT ie eh OM tm Me \-laltael (fg 
quality other qualities are necessarily subordinated. Yet this two 
Me ma Tm eli rm Mae ee lt el iel Milla 
Ulises A ea el ea al a 


REMARKABLE FORMABILITY — High elasticity with 
strong adhesion fiermits severe bending without cracking 
of painted surface. On press operations it blanks cleanly 
and sharply, resists flaking and chipping. Successfull) 
embosses, roll forms and draws without scratching due 
to exceptional hardness of surface! 

EXCELLENT WEATHER RESISTANCE AND EXTE- 
RIOR DURABILITY —Comparable to best quality of 
baked-enamel automotive finishes. Unusually color-fast 
in sunlight. 

MAXIMUM HUMIDITY RESISTANCE-—Successfulls 
withstands 500 hour, 100° F., 100% humidity without 
lifting, blistering or film failure. 

MAXIMUM SALT SPRAY RESISTANCE — Successfull 
withstands 500 hour, 95° F., 20% salt spray. 
SPARKLING BEAUTY —Two coat finish with each coat 
individually baked builds up solid opacity and unmatched 
depth of lustre and tone. Available in a wide range of 
colors matching or contrasting with your other décor. 


STOCK SPECIFICATIONS—If your production can 
use mill quantities (20M lb./minimum) in widths up 
to 8” x nominal thicknesses, ask for quotations! 


Detroit Sales Engineering Office 
16722 E. Warren Avenue * TUxedo 2-0232 


Hunter Douglas Aluminum Corporation 


HUNTER DOUGLAS ALUMINUM CORPORATION «+ DEPT. SA-9, RIVERSIDE, CALIFORNIA + OVerland 3-3030 
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Hub mounted in stand- 
iz clutch for direct 


drive to hollow shaft 


\\\I! 


— 
= 
SS 
—— 


Conventional solid drive 
shaft to transmission 


ad 
Ld 
- 
aol 


Driven Disc 


Pressure Plate 


LAY 


Clutch Bracket 


TWO torque paths are provided 
by the SPLIT-TORQUE Clutch: 


1. Clutch delivers engine torque to transmission 
in conventional manner. 


2. The standard Auburn Clutch can easily be 
adapted to receive a drive hub which will 
supply torque to the hollow shaft. 


ae 


A Typical 
Spicer 3. New Spicer hub makes integral unit of clutch 
—— bracket and hollow shaft to form a second, 
u — ° 
bctellation supplemental driving torque to accessories 
or live PTO (see diagram). 


This is another Dana Corporation development 


amnesiac” 
| 
ar 
E 


UU 








Tachometer 


Hydraulic Pump 


—and other accessory requirements 


to help make farm implement operation more 
simple, efficient, and profitable. Already sev- 
eral tractor manufacturers have adopted the 
new Spicer Split-Torque Clutch as standard 
equipment. 


The Spicer Split-Torque Clutch, in P.T.O. oper- 
ations, can eliminate gear shifting and two- 
thirds of the wearisome de-clutching and —and other farm implements 
re-clutching work. 


Irrigation Pumps Rotary Mowers 


Simplicity of design, easy adaptability and 
strong sales features make this new Spicer 
Clutch desirable as an addition to your farm 
tractor specifications. 





SPICER PRODUCTS: TRANSMISSIONS ¢ UNIVERSAL JOINTS e PROPELLER SHAFTS @ AXLES e TORQUE CONVERTERS « GEAR BOXES e POWER TAKE-OFFS 
POWER TAKE-OFF JOINTS @ RAIL CAR DRIVES @ RAILWAY GENERATOR DRIVES @ STAMPINGS © SPICER and AUBURN CLUTCHES @ PARISH FRAMES © SPICER FRAMES 


This unusual d-c system test 
stand at Hayes Aircraft 
simulates the K B-50 in flight. 
Full-length wire harnesses are 
identical to those used on pro- 
duction aircraft. The KB- 
50 svstem features eight 
J&H Generators and Control 
Panels and 16 J&H Current 


‘Transformers. 


ae Jack & Heintz Generators 
paralleled in unique d-c system! 


... engineers achieve 78% more pow>r for KB-50 


In converting the Boeing B-50 Superfort into the K B-50 mid-air 
refueling tanker, a substantial power boost was needed to drive 
the array of rapid-transfer fuel pumps honeycombed throughout 
the plane. 


The approach lay in developing a new higher rated generator 


The KB-50 will have tremendous refueling capacity. Plans 


or in paralleling eight available 400-amp machines. 
call for fueling of three planes simultaneously. 


The Jack & Heintz G23 d-c Generator proved to be the answer. 
Rugged enough to withstand the high vibration characteristics 


COCO EEE EE SEE EEE EEEEEEEEEEEEEHEESEHEEESEHEEEEESEEESEEE 


Jack & Heintz G23 Generator 


Rating— amp 
Voltage—d-c 
Speed Range—thousand rpm 
Weight—lb. . 
Dimensions— inches 
Over-all Length (from mounting flange) 
Over-all Diameter 
Bolt Circle Diameter 
Spline, Pitch Diam 
Air Inlet Conn., OD 
Cfm of Air at 6" H20 & 6000 rpm 
Rotation as Viewed from end Opposite Flange 


SPCR EHO E HEHEHE EEE EE EEE 


in the KB-50, this generator required only a specially machined 
housing and a modified mounting flange. 

Through the use of the G23, Hayes and Jack & Heintz engi- 
neers have achieved a power supply of 3200 amps in the same 
available space once yielding a maximum of 1800 amps. The 
unprecedented paralleling of eight generators has been test- 

proved completely reliable. 

Also available is a modified G23 
with an increased rating of 450 
amps, which is ideally suited to air- 
line applications. 

For complete information, write 
Jack & Heintz, Inc., 17638 Broadway, 
Cleveland 1, Ohio. Export Dept.: 13 
E. 40th St., New York 16, N. Y. 


©)1956 by Jack & Heintz, Inc 


AIRCRAFT 
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Can STROMBERG—champion economy 


/ 


The question is directed to manufacturers whose cars 
are not yet equipped with Stromberg Carburetors. Car 
makers using Stromberg now are also using its outstand- 
ing economy record in the Mobilgas Economy Run to 
convince thousands of economy-minded customers. 

A large segment of your market—people in every 
income bracket—is always motivated by economy of 
operation as well as style, power and other good features. 
Proof that the motor car industry is well aware of this 
fact is its participation in the Mobilgas Economy Run 
every year, knowing how much a victory helps new-car 
sales. 

Stromberg-equipped cars have won the coveted Sweep- 
stakes Award in this national economy tournament two 
straight years! 


carburetor—help sell cars? 


If economy is a touchy subject instead of a good, solid 
selling feature with your line of cars, it will pay you to 
make comparative efficiency tests with Stromberg 
Carburetors against the field. 

Remember, for more than forty years more advances 
in carburetion have been initiated by Stromberg than 
any other manufacturer. Stromberg application engi- 
neers are at your service. 


ECLIPSE MACHINE DIVISION OF BENDIX AVIATION CORPORATION 


Original Equipment Sales: Elmira, N.Y. © Service Sales: South Bend, Ind. 
Export Sales and Service: Bendix International Division, 205 E. 42nd Street, N.Y. 17, N.Y. 


Stromberg* Carburetor tru Bendix* Electric Fuel Pump @: > Bendix* Fole-Thru Starter Drive > 


*REG. U.S. PAT. OFF. 
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Tachometer Take-Off 


=~ 
> 2 
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VEEDER-ROOT _ 


J. 
| 
} 
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Rev-Countfers 


With this new attachment, Veeder-Root 
Rev-Counters can be installed on any engine 
having a tachometer take-off in a position which 
is readily accessible for easy reading. Take-off can 
be furnished to suit average engine-speed. 

So now you can make it easier than ever for 
your customers to see that your product is 
performing up to its guarantee . . . to see when 
routine maintenance is coming due, and 
whether servicing is needed. 

You can count on Veeder-Root to figure out 
how to engineer these adaptable Rev-Counters 
into your products . . . not only engines, 
but generators, compressors, heaters, 
refrigerators, and what have you? Write: 


Evowone... 
ConCowit on 


Veeper-Root 


INCORPORATED 


HARTFORD 2 
CONNECTICUT 


New York 19, N. Y. 
Greenville, S.C. *« Chicago 6, Ill. 
Montreal 2, Canada 
Offices and Agents in Principal Cities 
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Why American Brakeblok can slash time and still meet toughest specs 


Research: Your new friction engineering problems 
may already be solved, or are well on the way to 
solution. Hundreds of formulas for asbestos-base, 
semi-metallic and metallic friction materials have 
been developed by our research staff, and are ready 
now for tomorrow’s needs. 


Testing: Continuous testing in the lab and on the 
road enables us to provide comprehensive reports 
covering every factor influencing performance and 
service life. In many cases, this service saves our 
customers weeks of exhaustive testing. 


Production: Three modern plants in the U.S. A. car. 


Brake Shoe 
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meet the needs of millions of vehicles and machines 
every year. Point-by-point production, precisely 
controlled, insures top quality of every part. 
Service: Sales engineers are your liaison with ABB. 
They know their field, and are at your disposal— 
virtually members of your project team. Even when 
design changes in midstream, they can shift ABB 
to meet the new requirements immediately. 
eee 

To take full advantage of these American Brakeblok 
facilities, we suggest you check with us during your 
initial planning stage. A call or letter will bring 
immediate action. 


AMERICAN BRAKEBLOK DIVISION 


DETROIT 9, MICHIGAN — 





Which one will qualify as a missile engineer? 


All—or none—depending on three important points! 
The desire for a real engineering challenge. The 
ability to work with a top team of experts in their 
respective fields. The capacity to take on individual 
responsibility 

If this sounds like a lot, it’s because North Ameri- 
can Aviation has a lot to offer. With research, devel- 
opment and manufacturing responsibility for the 
U.S. Air Force SM-64 Navaho Intercontinental Mis- 
sile, the scope of the art at North American is wide 
ind the opportunity to assume a position of authority 
great. In fact, all phases of this project — research, 
design, development and testing —are being accom- 
plished by North American engineers 


Contact: Mr. M. Brunetti, 


And what benefits will you find in this type of 
engineering environment ? 

First of all—recognition that comes from the 
opportunity for individual effort. You will work 
with engineers who respect your opinions and pro- 
fessional status. Because missile engineering covers 
so many fields, you can work in the area of your 
choice. You will work on a team of specialists whose 
leadership in their fields will further you in the one 
you choose. You will live in Southern California and 
receive financial compensation limited only by your 
own ability. 

If you have the desire for a real engineering chal- 
lenge — Investigate Now 


Missile Engineering Personnel 


Dept. 91-9SAE, 12214 Lakewood Boulevard, Downey, Calif. 


NORTH AMERICAN AVIATION, INC. 2 
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Help Give Long Life 


Engine bearings and bearings in track roliers and 
other components play a big role in the ability 
of Caterpillar Diesel Tractors to give long, satis- 
factory performance on tough jobs. 

Caterpillar Tractor Co., manufacturers of the 
big yellow, earth moving rigs you see at every 
hand, makes certain that each part has the qual- 
ity and stamina to give trouble-free service. 

The ability of Cat equipment to handle diffi- 
cult assignments depends in part on bearings 
obtained from Johnson Bronze Company of New 
Castle, Pa., which supplies a wide variety of the 
bearings used throughout Caterpillar products. 

Dependable Johnson bearings—made of alu- 
minum on steel, babbitt.on steel, cast bronze, 
bronze on steel, and sintered bronze powder 

Ledaloyl)—help Caterpillar meet its triple ob- 


To Big Cat Machinery 


jective of: 1. durability, 2. bigger pay loads, and 
3. longer life. Johnson also offers Caterpillar 
sound engineering help, has a complete line, 
maintains uniform high quality and consistently 
meets Caterpillar’s specifications. 

This is a typical example of the service Johnson 
gives many manufacturers in all industry by 
supplying them with many types of bearings for 
a wide variety of applications—from automobiles 
to sound recorders—from automatic washers to 
machine tools—to name but a few. 

To enjoy the dependability and economy of 
Johnson bearings in your products, write for in- 
formation on how Johnson engineers will work 
with you to make a better product at lower cost. 
Johnson Bronze Company, 675 S. Mill Street, 
New Castle, Pennsylvania. 


LEDALOYL »« ALUMINUM ON STEEL ¢ BRONZE ON STEEL e¢ STEEL AND BABBITT ¢ CAST BRONZE 


(powder metallurgy) 
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You might wait forever for 


another opportunity 
like this... 


ATOMIC POWER 


Here is a once in a lifetime opportunity for you if you are an ambitious engineer. Take this 
unique opportunity to become associated with an excitingly new organization. Participate 
in provocative assignments that go far beyond simply whetting your creative appetite 
assignments that hold the promise of limitless professional growth. 


REACTOR CONTROL 


Graduate Electrical Engineers for the development of con- 
trol systems for Atomic Power reactors. General control ex- 
perience in power station, aircraft, marine vessels, or auto- 
matic machinery desirable. Broad responsibility from speci- 
fications to installation and operation 


POWER PLANT 


Graduate Mechanical Engineers for component speci- 
fications, design, manufacturing and installation of 
pressure vessels, valves, pumps, heat exchangers, and 
high pressure piping. Systems and arrangements 
engineers. Special need for welding engineers and 
materials and process engineers 


QUALITY ENGINEERING 


Graduate Engineers for standards devel- 
opment in radiography, ultra-sonics, and 
other non-destructive testing  tech- 
niques 

Senior quality control engineers with 
mechanical engineering degree or 
extensive background in high pre 

cision machinery. Experience in 
stainless steels, heavy manufac- 

turing highly desirable 


Plant located in one of the most 
desirable suburban Pittsburgh com- 
munities 


Applicants who meet our require- 
ments will be invited to visit us at 
our expense 


Send complete resume to 


MR. JOHN BATEY 


Westi 


P. ©. BOX 1047 
ELECTRIC CORP. PITTSBURGH, PENNA. 
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now, Crucible low nickel stainless steels 


that meet many 


Here are two new Crucible grades, Rezistal type 
201 and 202 that are similar in quality and prop- 
erties to types 301 and 302. . . but with desirable 
features all their own. 

In the annealed condition, for example, Rezistal 
201 and 202 have about 10% higher strength than 
301 and 302, yet maintain almost identical duc- 
tility. This means that these grades can be fabri- 
cated with ease equal to their counterparts. In 
addition, their mill finishes and corrosion resist- 


of your needs... 


d 


ance to a wide variation of media compare most 
favorably with 301 and 302. 

To sum up: Rezistal 201 and 202 have practi- 
cally all the desirable properties of 301 and 302, 
plus some of their own. And they’re available 
promptly in ali forms. Write now for data sheets 
fully covering the properties of these new stain- 
less grades. Crucible Steel Company of America, 
Dept. ASA, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor—Rallway & Power Engineering Corp., Ltd. 


nye ee 
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Bundyweld Tubing specified 


? BRAKE SHIELD fe 
ANCHOR ret CONNECTING TUBE 


fee Tuaill —_— UPPER WHEEL 
RETURN | e 
SPRING fm 4 re | BRAKE CYLINDER 


ADJUSTING 
CAM 


OUTER 
SUPPORT 
PLATE 


| INNER 
P SUPPORT 
| PLATE 


LOWER WHEEL 
BRAKE CYLINDER 


~<- 


NOTE the exclusive 

Bundy-developed 

beveled edges, which 

- afford asmoother joint, 

Bundyweld starts as continuously rolled passed through a fur- Bundyweld, double- [ay ; he. : absence of bead, and 


a single strip of twice around later- nace. Copper coating walled and brazed ae r h 
copper -coated steel. ally into a tube of fuses with steel, through 360° of 10% OD. _ 4 chance for any 
eckage. 


Then it's... uniformthickness,and Result... wall contact, 
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by Chrysler for advanced, 
new center-plane brakes 


Dependable double-walled steel tubing is used in 95% 
of today’s cars, in an average of 20 applications each 


Chrysler’s famous -orwaro .oox is more than skin- 
deep. One of the unseen advances is in its new 
center-plane brakes, where mechanical linkage has 
been replaced by an ultra-dependable internal 
hydraulic system. From brake pedal to brake shoe, 
the Chrysler’s “stopping” power now relies on 
Bundy, Tubing. 


Fuel, lubrication, brake, or control lines—you 
just can’t beat Bundyweld for strength and depend- 
ability. Used on all major automobiles, it is the 
tubing standard of the industry. 


Bundyweld is leakproof by test; thinner walled 
yet stronger; has high bursting strength; takes 


easily to standard protective coatings; has high 
fatigue limits. It’s the only tubing double-walled 
from a single metal strip; copper-brazed throughout 
360° of double-walled contact. 


In addition, Bundy offers you unexcelled fabrica- 
tion facilities, expert engineering services; custom 
packaging of orders; prompt, on-schedule deliv- 
eries. Whether you fabricate your own parts or 
want us to do the job, we’re equipped to handle 
your order—exactly to your specifications. 


Call, write, or wire today for complete information 
or for specific help with your problem. 


BUNDY TUBING COMPANY e DETROIT 14, MICH. 


BUNDYWELD STEEL TUBING —“LIFELINES” OF YOUR CAR 


] 


Bundyweld lifelines in 
your car’s hydraulic brake 
system are many times 
stronger than necessary 
to save your life. 


2 


Leakproof Bundyweld 
helps keep oil where it 
belongs in your car—with 
no delays, costly repairs, 
ruined engine. 


3 


Fuel lines of Bundyweld 
won’t fail you, despite con- 
stant beating from flying 
rocks, punishing vibration. 


4 


To help keep push-button 
windows foolproof, manu- 
facturers depend on 
Bundyweld to conduct the 
hydraulic fluid. 


BUNDYWELD, TUBING 


DOUBLE-WALLED FROM A SINGLE STRIP 


Bundy Tubing Distributors and Representatives: Cambridge 42, Mass.: Austin-Hastings Co., Inc., 226 Binney St. © Chattanooga 2, Tenn.: Peirson-Deakins Co., 823-824 Chattanooga Bank 
Bidg. @ Chicago 32, Il.: Lapham-Hickey Co. 3333 W. 47th Place © Elizabeth, New Jersey: A. B. Murray Co., inc., Post Office Box 476 © Los Angeles 58, Calif: Tubesaies, 5400 Alzoo 
Ave. © Philadelphic 3, Penn: Rutan & Co., 1717 Sansom St. @ San Francisco 10, Calif.: Pacific Metals Co., Ltd., 3100 19th St. © Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave., South 
Toronto 5, Ontario, Canada: Alloy Metal Soles, Ltd., 181 Fleet St. E, © Bundyweld nickel and Monel tubing are sold by distributors of nickel ond nickel alloys in principal cities. 
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Nickel-Copper high strength low alloy Kansas City, Mo., increase capacity of frame- 
steel helps Butler Manufacturing Company, less unit .. . enabling transport to haul... 


2000 Ib more payload without changing total weight 


Without increasing axle load, in-_ either of these two procedures: 
creased revenue per ton mile is made 
practical by use of high strength 
low alloy steels containing nickel. 


(1) Reduce weight... saving tires, 
brakes and fuel... without re- 
ducing strength of equipment. 

Steels of this type show 50,000 psi 

minimum yield point, or about 1% 

times that of the usual carbon grade. 

This, together with improved corro- 

sion resistance, allows use of thin- Send for a copy of ‘‘Nickel-Copper 

ner sections and permits following High Strength Low Alloy Steels.” 


(2) Increase payload capacity with- 
out increasing total weight or 
power demands. 


INO. THE INTERNATIONAL NICKEL COMPANY, INC. ni. %cr. ERY 
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NEW VEHICLES 
FOR 
NEW PERFORMANCE 


MICKERS. 


HYDRAULIC SYSTEMS 


for All Types of 


MOBILE 


EQUIPMENT 


Vickers Hydraulic Systems make vital contributions 
to the efficient operation of an extremely wide 
range of vehicles. To the inherent advantages of 
hydraulic control, Vickers adds the benefits of a 
nation-wide and full time field engineering and 
service organization of unequaled experience. 
Vickers has the complete line of hydraulic equip- 
ment necessary to take undivided system respon- 
sibility . . . to eliminate any risk of incompatibility 
of hydraulic components. Ask for a copy of 
Bulletin M5101. 


rng 


ih Bt Ns tay ele e 
bitA SS ae aia SE as ais 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 
Department 1440 . Detroit 32 Michigan 


Application Engineering Offices: + ATLANTA + CHICAGO + CINCINNATI - 
CLEVELAND + DETROIT + HOUSTON + LOS ANGELES AREA (EI Segundo) 
+ MINNEAPOLIS + NEW YORK AREA (Summit, N. J.) + PHILADELPHIA 
AREA (Media) + PITTSBURGH AREA (Mt. Lebanon) + PORTLAND, ORE. 
+ ROCHESTER + ROCKFORD + SAN FRANCISCO AREA (Berkeley) + 
SEATTLE «+ ST. LOUIS + TULSA + WASHINGTON + WORCESTER 


IN CANADA: Vickers-Sperry of Canada, Ltd., Toronto 


Engineers and Builders of Oil 
Hydraulic Equipment Since 1921 


AUSTIN-WESTERN HYDRAULIC CRANE 
in addition to power steering, Vickers Oil 
Hydraulics previde fast, smooth and positive 
(a) turntable rotation, (b) boom elevation, (c) 
raising and lowering of load, (d) extending and 
retracting of boom. 
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BAKER-RAULANG TRAVELOADER 
Vickers Hydraulics provides power steering and 
multiple movements that enable Traveloader 
to quickly reach out sideways and pick up a 
long load, place it on the vehicle’s deck for 
traveling, and then stack it up to 12’ high. 


DART UNDERGROUND TRUCK 
Vickers Hydraulics operates the reversible con- 
veyor floor that permits fast and easy trim when 
loading, and then rapid dumping. Also has 
Vickers Hydraulic power steering for shuttle 
operation. 





The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1450 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Te hnology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers. Inquiries nou 
invited. 


JOB OPPORTUNITIES 
IN THESE FIELDS NOW 


IMPORTANT DEVELOPMENTS AT 


Pioneering in Solid 


The successful flight of the Thunderbird, 
a short-range test rocket, accomplished a 
real pioneering achievement at the Jet Pro- 
pulsion Laboratory in 1947. It was a note- 
worthy demonstration of a new technique 
which has since revolutionized the field of 
solid-propellant rockets. 


In the Thunderbird a mixture of oxidizer 
and synthetic rubber fuel was poured 
around a star-shaped core set in a cylin- 
drical casing forming as it solidified a 
permanent bond with the metal shell. The 
removal of the core leaving a hollow center 
made possible the even burning of the 
propellant from the center outward. The 


Propellant Rockets 


insulating effect of the unburned propellant 
permitted the use of an unusually thin 
casing due to heat reduction. 


This technique led the Laboratory into a 
number of new developments in missile 
design which have since been applied to 
powerplants in many current and forth- 
coming missiles. 


Such activities in research and develop- 
ment are in constant progress at JPL, 
providing stimulating opportunities to 
individuals desiring to devote themselves 
to the areas of basic and applied research 
and to actual development engineering. 


AERONAUTICS « MECHANICAL + STRUCTURES 
DYNAMICS = PROPULSION 


APPLIED MECHANICS 


* INERTIAL ELEMENTS 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


INSTITUTE OF TECHNOLOGY 


PASADENA «+ CALIFORNIA 
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TORRINGTON NEEDLE BEARINGS 
come in large sizes too! 


Meeting the needs of designers for 
more compact, higher capacity anti- 
friction bearings in thousands of appli- 
cations, Torrington Needle Bearings 
are made in a range of sizes for shafts 
from 1%” up to 714” in diameter. 
Several widths are available in most 
sizes to meet different application 
requirements. 

In the large sizes as in the small, 
basie design advantages are the same. 
Unit cost is low and radial load capac- 
ity is greater than any other anti- 
friction bearing of the same size. 


THE 


Large Needle Bearings are doing big 
jobs in transmissions, steering gears, 
suspension and starting motors of farm 
tractors and earth-moving machinery. 
They have also been used for many 
years in industrial hydraulic pumps. 

To gain the advantages of the unique 
Torrington Needle Bearing in your 
product, enlist the knowledge and skill 
of our Engineering Department. 


See our New Needle Bearing Catalog 
in the 1956 Sweet’s Product Design File 
—or write direct for a catalog. 


TORRINGTON COMPANY 


Torrington, Conn. + South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON BEARINGS 


Needle + Spherical Roller + Tapered Roller + Cylindrical Roller + Ball » Needle Rollers 
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TORRINGTON 
NEEDLE BEARINGS 
Give you these benefits 
¢ low coefficient of starting and 

running friction 
¢ full complement of rollers 


e unequalled radial load 
capacity 


© low unit cost 
e long service life 
® compactness and light weight 


eruns directly on hardened 
shafts 


® permits use of larger and 
stiffer shafts 





Usable beauty for exacting service... 


STAINLESS STEEL 


A metal of Sterling Qualities 


Strong, practical, durable...easy to clean and 
keep clean... that’s stainless steel. 


Air, water, fumes, road dirt and chemicals don’t 
affect it. And the beauty is clear through—not 
skin deep. Stainless never peels, flakes or grows 
permanently dingy. It’s luster lasts a lifetime. 
Its brilliance can be restored with ordinary 
cleaning. And the harshest cleaners can’t harm 
it. Stainless steel does not easily dent or gouge 


-but if such damage does occur corrosion 
resistance remains. 


Truly stainless steel is a metal of sterling quali- 
ties. It belongs on all fine cars wherever econ- 
omy and ease of fabrication are a prime consid- 
eration...styling and elegance are desired. 


Your supplier has the particulars. Contact him 
today. And remember: 


The finest stainless steels are made with Vancoram Ferro Alloys. 


tua 


VAN 


FCT 


(SE) VANADIUM CORPORATION OF AMERICA 


420 Lexington Avenue, New York 17, N.Y. 


Prod f olloys, 
roducers of alloys Pittsburgh - Chicago 


metals and chemicals 
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Detroit - Cleveland 
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IN AUTOMOBILES—over 10 IN TRUCKS. More of America’s truck 
million of them—you’ll find engines are Holley carburetor equip- 
Holley carburetors and dis- ped today than are equipped with any 
tributors. Holley’s outstand- promt ee ee truck 
. sg: ” 3 : manufacturers combine Holley’s car- 
ing record of *‘firsts” in this buretor, distributor and governor for 











field includes the 4-barrel car- an integrally-designed control system 
buretor with vacuum con- which provides maximum power and 
trolled secondary barrels. maximum economy features. 

























Engine Control Systems by Holley 


“Mechanical Brains” to Control the Power of the Engines of America 


Effective control of engine power is not 
a simple process of fuel metering—rather 
it is a problem of co-ordinating the many 
variables in such a way that the pilot’s or 
driver’s demand is instantly satisfied in 
the optimum manner. 





For over half a century, Holley has sup- 
plied control systems to harness the power 
of automobile, truck and aviation engines 
of all types. Holley carburetors and dis- 
tributors for automobiles and trucks, and 
turbine controls for jet aircraft provide 
maximum efficiency and minimum operat- 
ing costs for today’s engines. 


Wherever control systems are needed — 
for auxiliary or main power plants — 
Holley’s half a century of design, engi- 
neering and manufacturing experience can 
best meet your requirements. 





IN AIRCRAFT—jet fighters, 
bombers, and huge airliners of 
the future—power control sys- 
tems by Holley automatically 
make engine adjustments for 
busy pilots. 





FOR MORE THAN 
HALF A CENTURY 
—ORIGINAL 
EQUIPMENT 
MANUFACTURERS 
FOR THE 
AUTOMOTIVE 
INDUSTRY. 


G 


11955 E. Nine Mile Road, Van Dyke, Michigan 

















TRUCKING ... Vital Transportation Link 


tt ln eat 


Transmission Repairs only .0003c (*omill) 
per mile at SUPER SERVICE 


after an average of 210,176 miles on each of 


172 Fuller Transmissions 


“With the Fuller ROoADRANGERS 
in our fleet, we’ve hit an all-time low 
in transmission repair costs,” says Ray 
Carter, Director of Engineering for 
Super Service Motor Freight Co., 
Nashville, Tennessee. 

Super Service recently completed a 
careful check of maintenance records 
for 172 White tractors equipped with 
Fuller 10-speed Semi-Automatic 
ROADRANGER Transmissions. With an 
average of 210,176 miles per tractor, 
company records showed a remark- 
able average repair cost of only 


0003¢ (3/10 of a mill) per mile for 


each ROADRANGER Transmission! 

About two years ago, Super Service 
standardized its entire over-the-road 
fleet on White tractors equipped with 
ROADRANGER Transmissions and 
Cummins diesel engines. From that 
time on, old performance records be- 
gan to fall. 

Operating from the South to the 
East . . . with terminals from Nash- 
ville to New York . . . the Roap- 
RANGER equipped tractors pull 
square nose, 35-foot aluminum 
trailers that average 52,500 Ibs. gross 
tare weight. The tractors now cut a 


full hour off the old 10-hour trip 
time on the Nashville-East run... 
taking rugged Tennessee hills at 35 
miles an hour when 15 was considered 
a good speed with the old equipment. 

Super Service cuts running time 
and maintenance to a minimum by 
running its rigs straight through from 
Nashville to New York. Drivers are 
changed twice . . . but there’s no need 
to warm up a cold engine at each stage 
of the relay. 

For your fleet, get the facts on 
ROADRANGERS from your truck man- 
ufacturer or truck dealer now. 


FULLER MANUFACTURING COMPANY 
TRANSMISSION DIVISION * KALAMAZOO, MICH. 


Unit Drop Forge Div., Milwaukee 1, Wis. * Shuler Axle Co., Louisville, Ky. (Subsidiary) * Sales & Service, All Products, West. Dist. Branch, Oakland 6, Cal. and Southwest Dist. Office, Tulsa 3, Okie. 
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Do your present truck heaters have a ar 


¢ 
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PARTS 


‘“‘Repair or 


EVANS Wj replace” 


custom-designed i WARRANTY 


truck heaters 


have it / i good 
for one year 


or 


Your Evans Truck Heaters have to be 
good! To prove it, Evans backs every single 
heater they build with a full year—or 50,000 
mile—warranty (whichever occurs first). This is 
your assurance—and your customers’ too—that 
Evans Heaters are the right heaters for the 
trucks you build. 





What’s more, the heaters Evans engineers 
design and custom-build for you will meet all 
your truck requirements. They will fit right 
for quick, easy installation. They will deliver all 
the BTU’s needed for maximum driver safety 
and comfort under any weather conditions. FREE Consulting Service and Heater Catalog! At no cost 
And special, heavy-duty construction means to you, one of our engineers will call to discuss your heater 
that the owner gets longer service with much problems for any truck model, present or future. And write 
less maintenance. now for your free Evans heater catalog! Address: Evans 
Products Company, Dept. Z-9, Plymouth, Michigan. 
There’s an Evans Heater for every type com- 
mercial vehicle, from local panel delivery truck EVANS PRODUCTS COMPANY 
to giant over-the-road haulers. Why not let also produces: Evanite battery separators; 
Evans solve your truck heating problems, what- railroad loading equipment; bicycles 
ever they may be? and velocipedes; and Evaneer fir plywood 


REGIONAL REPRESENTATIVES: 
Cleveland, Frank A. Chase + Chicago, R. A. Lennox Co., Inc. +» Detroit, Chas. F. Murray Sales Co. + Allentown, Pa., P. R. Weidner. 
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AiResearch Turbochargers 


These 
scientifically -engineered 
turbochargers 
for your mobile, 
stationary or marine 
diesel engines 
are available 


AiResearch has incorporated into 
the design and manufacture of its 
turbochargers the greatest experi- 
ence in the field of small turbo- 
machinery of any company in the 
world! With these results: 
AiResearch turbochargers in- 
crease power up to 100%. The only 
limitation is the design and appli- 


They cut fuel costs up to 20%, 
reduce noise and decrease or com- 
pletely eliminate diesel smoking. 

They’re easier to maintain than 
any other turbochargers. A remov- 
able rotating assembly simplifies 
and reduces maintenance. 


They allow your diesels to operate 
at full efficiency from sea level to 
more than 8000 feet. 

We invite your inquiry on how 
you can improve the performance 
of your diesels by the application 
of AiResearch turbochargers. 


BASIC SPECIFICATIONS FOR AIRESEARCH TURBOCHARGERS 


MODEL T-10 T-14 T-15 
Diameter — in. nom. 9 11.5 15.25 15.25 16 
Length — in. 9 14.12 16.75 17.25 21.75 
Weight — Ib. 40 95 125 135 195 


Output — Ib/min. 25-40 35-65 35-65 70-95 115-175 
(Standard Conditions) 


cation of your engine. 
Because they are air-cooled, ae ~— 
they place no extra burden on 


your cooling system. 


CORPORATION 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 


DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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Harvey extrusions... 
saving time, weight 
and material for 
America’s defense 


Once, the only way to make longerons—the vital 
lengthwise structural members of an aircraft fuse- 
lage—was to fabricate them piece by piece from 
small extrusions, weldments, and hundreds of rivets. 
Thousands of man-hours were spent in the assem- 
bly of the longerons for each plane. 


Harvey saves those wasted man-hours! A one-piece 
heavy-end or stepped extrusion is machined to final 
shape . . . is ready to install in the plane in a fraction 
of the time it once took to cut, drill, and rivet all 
the parts you see above . . . and the part is lighter 
and stronger than the built-up version. 


MAKING THE MOST OF ALUMINUM... FOR EVERYONE 


Harvey is a leading independent producer of aluminum 
extrusions in all alloys and all sizes, special extrusions, press 
forgings, hollow sections, structurals, rod and bar, 

forging stock, pipe, tube, impact extrusions, aluminum 
screw machine products and related products. Also 

similar products in alloy steel and titanium on application. 


HARVEY ALUMINUM SALES, INC., TORRANCE, CALIFORNIA—BRANCH OFFICES IN PRINCIPAL CITIES 
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were in 
Milwaukee so we ought 
to know! 


NY We 


Y 
yt yeh 


Working at AC, THE ELECTRONICS DIVISION OF GENERAL MOTORS is exciting . . . challenges every 
inch of my engineering ingenuity, currently | am working on a phase of the Inertial Guidance System 
Program. A month or two ago | was equally absorbed in our Jet Engine Fuel Control Program. | am 
certainly growing ENGINEERING “KNOW-HOW-WISE” and my salary checks reflect it. | started at a 


good salary ... have had regular increases in salary and position . . . gosh, | like it here. 


AND, | enjoy AC’s MASTER’S DEGREE PROGRAM, University of Wisconsin— Milwaukee. | attend evening 


classes and AC is paying my tuition and with no strings attached. 


My family enjoys Milwaukee too. Here in cool, southern Wisconsin we have endless miles of swimming 
beaches, parks, playgrounds that are ours for the asking. We have the cultural and shopping advantages 


of the big city in a community long known for its small town hospitality. 


P.S. AC's Permanent Expanding Electronic Program provides openings for more 
Mechanical, Electrical Engineers and Engineering Technicians. Even “square pegs” 
are provided “square holes” at AC. 


Write today in strictest confidence to my friend, Mr. J. F. Heffinger, Supervisor of Salaried Personnel. 


2k AC THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


Milwaukee 2, Wisconsin Flint 2, Michigan 
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Anaconda specifies Enjay Butyl rubber 


TO DEFY OZONE IN HIGH-VOLTAGE CABLES... 


for more current per circuit... more power per dollar 


Anaconda specifies Enjay Butyl insulation for high-voltage cables be- 
cause this rubber has incredible resistance to ozone. Surpassing the in- 
dustry’s standard three-hour specification test, Enjay Buty] insulation 
used by Anaconda showed no injury after 72 hours of ozone concentration 
tests—24 times longer than specification requirements. Other rubbers 
would deteriorate and crack in a fraction of this time. 

With the help of Enjay Butyl, millions of feet of Anaconda’s cable 
now in use deliver more current per circuit, more power per dollar. 

Perhaps your product, too, can be improved with versatile Enjay 
Butyl. It comes in non-staining grades for white and light-colored parts, 
offers excellent electrical properties, low price and immediate availability. 
For full information, contact the Enjay Company. Complete laboratory B U T Y i 
facilities and technical assistance are at your service. 


Enjay Butyl is the super-durable rubber 
Ensay) Pioneer in Petrochemicals with outstanding resistance to aging - 
abrasion « tear « chipping « cracking « 
ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. ozone and corona « chemicals « gases 
Other offices: Akron « Boston + Chicago + Los Angeles + Tulsa « heat + cold « sunlight + moisture. 
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TWIN DISC SINGLE-STAGE 
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SINGLE-STAGE Torque Converter 


into your machine 


If your problem is matching single- 
stage torque converter characteristics 
to powered equipment, here’s the 
ideal solution: Design the new Twin 
Disc Single-Stage Torque Converter 
into your machine! 

This new single-stage unit is de- 
signed and built with all the latest 
engineering advances—yet retains the 
basic features that have made Twin 
Disc Torque Converters the world’s 
most widely used for industrial appli- 
cations. It’s now available in the 1500 
Series . . . in a variety of model ar- 
rangements . . . in a number of torque 
capacities . . . from 30 to 207 hp input 
. . . to meet the widest variety of re- 
quirements. Its unique but field- 
proven design eliminates the need for 
a free-wheeling device . . . eliminates 
one more possible trouble spot. Its 
heavy-duty construction features 
ample bearing surface throughout 
..- for long life and minimum main- 
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tenance . . . even where the going is 
roughest. 

Find out more about this new 
single-stage torque converter . . . how 
it can help bring out maximum per- 
formance in your powered products. 
Write Twin Disc Clutch Company, 
Hydraulic Division, Rockford, IIli- 
nois. Request Bulletin 508. 


A complete line of torque converters, 
both single-stage and three-stage, for in- 
ternal combustion engines from 30 to 


Aboot 


Model “U,” with flange input-output 
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AUTO-LITE | Serves Industry 


with more than 400 products of the highest quality 


SCIENTIFIC RESEARCH PRECISION MANUFACTURING 


CREATIVE ENGINEERING WORLD-WIDE SERVICE 


Whether it be intricate die-castings, finely 
drawn magnet wire, electrical equipment for 
the automotive industry or any one of hundreds 
of other products. . . it is of the highest quality 
when it comes from Auto-Lite. This reputation 
for quality in 28 plants from Coast to Coast is 
maintained through central engineering control 
and is reflected in the public acceptance of the 
name Auto-Lite . . . and in the world-wide 
establishment of Auto-Lite service facilities. 


THE ELECTRIC AUTO-LITE COMPANY 


TOLEDO 1, OHIO 
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ENGINEERS... 
LOOK TEN YEARS AHEAD! 













Will your income 





and location allow 






you to live in a 






home like this... 






spend your leisure 
time like this 2 







A Douglas engineer lives here 


They can...if you start your career 
now at Douglas! 







Take that ten year ahead look. There’s a fine career 


opportunity in the engineering field you like best waiting 







for you at Douglas. 





And what about the Douglas Aircraft Company ? It’s the 


biggest, most successful, most stable unit in one of the fastest 







growing industries in the world. It has giant military 





contracts involving some of the most exciting projects ever 


conceived ... yet its commercial business is greater than that of 











any other aviation company. 


The Douglas Company’s size and variety mean that you'll be in 





the work you like best — side by side with the men who have 








ANALOG COMPUTING : ; cd ; 
engineered the finest aircraft and missiles on the American scene 
Those with degrees in mathemat- today. And you'll have every prospect that ten years from 





ics, physics and engineering are 
needed to solve interesting prob- 





now you'll be where you want to be career-wise, money-wise 












lems on direct analog computers . . 
: 7 and location-wise. 
and differential analyzers. 
Knowledge of or experi i . . sas . . 
= et agp onalcag For further information about opportunities with Douglas in 
dynamics, stress analysis, servo- 
mechanisms, heat flow and circuit Santa Monica, El Segundo and Long Beach, California divisions 
analysis or non-linear mechanic - 
is helpful. and Tulsa, Oklahoma, write today to: 





DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, 3000 Ocean Park Blvd., Santa Monica, California 
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Send for free print—1914 Saxon Runabout, Model A. 


Reprinted by permission—P. S. de Beaumont; not for commercial use. 


At $395, the 1914 Model A Saxon Run- 
about was called “‘the poor man’s light 
car.”’ It had a 96-inch wheelbase, two- 
speed transmission, and featured stand- 
ard tread wheels instead of the very 
narrow ones then in vogue on cyclecars. 


This is one of a series of antique auto- 
mobile prints that will appear in future 
Morse advertisements. Write for your 
free copy, suitable for framing. Morse 
Chain Company, 7601 Central Avenue, 
Detroit 10, Michigan. 


18 out of 22 automobile manufacturers 
specify Morse Timing Chain Drives 


Ever since mechanical horsepower 
began replacing nature’s variety, the 
Morse Chain Company has supplied 
the auto industry with its precision- 
built Timing Chain Drives. 


Fact is that today, eighteen out of 
the twenty-two automotive manu- 
faeturers using timing chains, actu- 
ally specify Morse Chain Drives as 
original equipment. 


MORSE 
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More than 60,000,000 of these drives 
have already gone into cars, trucks, 
and buses—giving vehicle owners 
long service life, plus freedom from 
maintenance worries. Morse Timing 
Chains operate safely, quietly, and 
smoothly—with positive timing. 


Investigate Morse Timing Chain Drives 
. . and the other precision-built 


™ *trademark 


power transmission products which 
Morse manufactures. We have ex- 
pert engineers always available to 
help you in your power transmission 
requirements. Write, wire, or phone 
us, today, for quick assistance on 
your particular problem. 


MORSE CHAIN COMPANY: DETROIT, 
MICHIGAN; ITHACA, NEW YORK. 


POWER TRANSMISSION 
PRODUCTS 





ENGINEERING OFFICES: Syracuse * Boston - 


Pr iad eatin 


a COU: 


Pes ee Ls 


Chock-Full of Useful Information 
on 


How to Select ROLLER BEARINGS 


@ Reflects latest RBEC* stand- 
ards and formulas, PLUS the latest research of 
Rollway engineers. 


@ Contains the following important data on pre- 
cision radial roller bearings... 


CAPACITIES Detailed information on radial static 
capacities, radial dynamic capacities, and thrust capac- 
ities of cylindrical radial bearings. 

Thrust capacities and radial dynamic capacities are 
given separately. Thrust load does not reduce radial 
capacity nor life expectancy of bearing: It is not neces- 
sary to calculate an “Equivalent Radial Load.” 


APPLICATIONS 


ances temperature allowances, provision for float, align- 


Load ratings, radial internal clear- 


*Roller Bearing Engineers’ 
Comm.—Anti-Friction Bearing 
Mfrs. Assn 


ments, seals, lubrication, etc are thoroughly 
covered, supplemented by engineering drawings of 
typical applications. 

NOMOGRAMS The RBEC® formula is here con- 
verted into simple nomogram charts, eliminating com- 
plicated selection procedures. You can find in seconds 


the proper bearing for your application. 


PRECISION TABLES Detailed data shows the toler- 
ances achieved with varying degrees of precision. Com- 
plete tables include limits for shaft diameters and 
housing bores to obtain proper type of fit of inner and 
outer races for various operating conditions. 


Scud for Gout FREE Cooy /oaday/ 


Included with the new Rollway handbook-catalog are extra 
copies of the nomogram charts. Send for yours today! 


ROLLWAY BEARING CO., INC. 541 Seymour St. 


ROLLWAY 


Maximum 


ROLLER BEARINGS 


Name 
Firm Name 


Address 
City 


Chicago * Detroit - Toronto + 


186 


Syracuse 4, N. Y. 


‘ 


Please send free copy of your new handbook-catalog with extra nomogram charts. 


aiedeni Title 


Zone State 


Pittsburgh - Cleveland + Milwaukee - Seattle - Houston * Philadelpia - Los Angeles * San Francisco 
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Battle Situation: 10 105mm howitzers, 
with ammunition and gun crews, plus 
10 bulldozers and operators must be 
delivered to an enemy-surrounded field. 
Field conditions: Ungraded field, sandy 
and eroded; 1000 ft. at its widest 
dimension. Assume 15 mph velocity 
wind. Troops must be ground landed. 
Solution: Load 20 Fairchild C-123 


assault transports at supply center 
450 miles away; take 3 hours to fly 
to destination. Land your airplanes 8 
seconds apart—allow 700 ft. ground 
roll for each. 

Theorem: Fairchild C-123 rugged per- 
formance and reliability is proved daily 
in stateside assault and overseas logis- 
tical missions. 








ae 
-FAIRCHILE 
AIRCRAFT DIVISION © HAGERSTOWN 10, MARYLAND 


A Division of Fairchild Engine and Airplane Corporation 


WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 










\ "Of course, we 


use Packard cable-- 


eo 


it costs no more" 


Built to last—and priced right—Packard cable leads all others combined in preference and in sales 


WHY TAKE CHANCES on cable troubles 
when it costs no more to specify the best in 
automotive cable and cable assemblies 
from Packard Electric. Here at Packard we 
have specialized for years in the develop- 
ment of tough insulation for all types of 
automotive cable—insulation so tough that 
it resists abrasion and chafing and cuts down 


the likelihood of electrical failure. 


SPILLED FUEL, OIL OR HYDRAULIC 
FLUID, TEMPERATURE EXTREMES, 
EXPOSED INSTALLATIONS... . whatever 
the problem, Packard has a cable to meet 
the conditions while delivering consistent, 
satisfactory performance. These are some 
of the important reasons why Packard 
cable is original equipment on more cars 


and trucks than all other brands combined! 


Offices in Detroit, Chicago, and Oakland, California 


OUR ENGINEERS ARE AT YOUR 
SERVICE—ready to help design new com- 
ponents, if necessary, to solve a particular 
cable problem. It’s another service to 
Packard customers. Why not take advan- 
tage of it today? 

xy 


Packard Electric Division 


General Motors, Warren, Ohio 








RESEARCH DESIGN © METALLURGY @e PRECISION MANUFACTURING 


his first requirement is... 


DEPENDABLE PERFORMANCE 


Ingenious mechanical equipment has solved the labor problem for 
today’s farmer. But his first requirement of any unit is dependability 
of operation—around the clock if need be—in his constant battle with 
nature. Federal-Mogul bearings have been assuring dependability in 
farm tractors and implements for generations. The same dependability 
characterizes Federal-Mogul bearings in any application, from auto- 
mobiles to construction equipment—dependability that is the product 
of over 50 years’ highly specialized bearing manufacture. 


DERAL-MOG U 


SINCE 1899 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11035 SHOEMAKER, DETROIT 13, MICHIGAN 
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Westinghouse Electric Corporation 


Hydraulic torque converters and 
power shift transmissions 


meet specialized equipment needs 


Harmonizing engine characteristics with your drive problems is a spe- 
cialty of Westinghouse hydraulic drives engineering. The result is a hy- 
draulic drive that assures maximum work output of your equipment, 
simplifies operator training, and reduces maintenance. 

Westinghouse hydraulic drives are currently being used on heavy-duty 
construction equipment, off - highway trucks, special-purpose military 
vehicles and oil well servicing rigs. 

The Westinghouse torque converter is based on the Schneider single- 
stage system which provides highest efficiency over an extended operating 
range. 

Because Westinghouse manufactures drive components, and not end 
products, you are assured complete confidence on your advanced design 
planning. For more information write Westinghouse Electric Corperation, 
Gearing Division, Pittsburgh 1, Pennsylvania. J-07353 


Pm 


wid heten = 


‘ 
S 
= 
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Developed to meet your special needs in earth moving, 


’ i. 


construction and materials-handling equipment. 


(1) Westinghouse single-stage torque converter showing sim- 
plicity of basic parts. (2) Matching equipment requirements, 
Westinghouse engineers analyze advance design planning; 
result (3), a typical Westinghouse torque converter — power 
shift transmission package. 
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WATCH WESTINGHOUSE! 


COVER THE PRESIDENTIAL CAMPAIGN ON CBS TELEVISION AND RADIO! 
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Of finer piston pin performance 


Ihe Burgess-Norton insignia symbolizes 

the engineering and production skill that guarantees 
better performance for industry. 

Chroughout the years 

the engineering, metallurgy and production facilities 
at Burgess-Norton have kept pace 

with the ever-increasing demands for quality parts. 
Ability to meet these requirements as to 

production and quality has made Burgess-Norton 
the world’s largest independent producer of piston pins. 
Burgess-Norton is proud of its position .. . 

and with it accepts the responsibility 

to maintain constant vigilance in quality control, 
and makes available to industry the latest 


in manufacturing facilities and methods. 


A part is made right only when it is satisfactory to our customer 


a ae A 
J : 


burgess Norton Mig. Co. 


GENEVA, ILLINOIS 


SERVING INDUSTRY FOR OVER FIFTY YEARS 
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Case Studies: 


aetna TESTING SYSTEMS 


STRESSCOAT IMPROVES CASTING 
DESIGN—This Magnaflux developed brittle 
lacquer coating is used for testing and meas- 
uring stress in working parts or designs 
Stress analysis is providing new ways to 
reduce cost and weight of products to make 
them lighter, stronger and cheaper 


Custom testing installation for malleable castings. 


New Methods Increase Profits and Expand the 
Market for Castings—Help Improve Foundry Practices 


MAGNATEST SORTS CONTAMINATED 
CASTINGS by using their conductivity to 
measure purity. A small hand held coil induces 
eddy currents in parts which in turn registers 
on the dial. By observing changes in this 
current you can determine the degree of 
contamination. 10,000 red brass castings 
were recently sorted by this means ata rate 
of 500 per hour. 


eee eee 
HALLMARK 
OF QUALITY IN 
NONDESTRUCTIVE 
TEST SYSTEMS 


2222 2 eee | 


Write for complete details concerning any 
of the above case studies, (excerpts from 
MAGNAFACTS), or ask for our new booklet 
on Lower Manufacturing Costs 
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In today’s economy, the profit- minded 
foundryman strives for consistent quality 
rather than perfection. This consistency 
pays off for both the foundryman and user. 


Magnaflux offers a variety of nonde- 
structive testing methods to aid you in 
achieving consistent quality in day-to-day 
foundry production. For instance, consis- 
tent quality starts with good casting 
design. M Stresscoat is invaluable for 
measuring stress and load concentrations, 
to develop designs for light, stronger 
and cheaper cast parts. 


Magnaglo tests on pilot runs can indicate 
troublesome pouring or handling prac- 
tices which may contribute to cracks and 
other defects in finished parts. With 
Magnaflux, Magnaglo or Zyglo methods 
all severe cracks in any metal can be found 


and evaluated. Thus, you eliminate scrap- 
ping of good castings for seemingly visi- 
ble defects that have no bearing upon the 
true strength or service life of the casting. 
If serious defects do exist, proper correc- 
tive action can be taken before further 
costly processing. For any selected service 
level, M test systems permit you to set 
the standards and hold to them. After 
correct procedures have once been estab- 
lished, only a sampling “finger-on-the- 
pulse” inspection is required to insure 
consistent, reliable casting production. 
These are profitable steps to building 
acceptance and expanding marketing 
opportunities for cast parts. 


For detailed information on M applica- 
tions for your specific operation, call in 
one of our experienced Magnaflux 
engineers, or write today. 


FOOLPROOF METHODS FOR LARGE OR SMALL CASTINGS 


NI offers a variety of fast, low cost, nondestruc- 
tive methods for testing ferrous and non-ferrous 
castings of every size and shape from watch cases 
to valves or side frames. Whether you require a 


custom installation for steady production-line 
operation, or a portable unit for sampling tests 
in your production process, we can supply 
systems to meet your exact needs. 


Take Your Inspection Problems to the House of Answers. . 


MAGNAFLUX CORPORATION 


7348 W. Lawrence Avenue 
Cleveland 15 


New York 36 «+ Pittsburgh 36 «+ 


* Chicago 31, Illinois 


* Detroit 11 * Dallas19 + Los Angeles 58 
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‘Tages ASSEMBLY 
KEY-DRIVE AND SERVICE 
Ut Re ee a OPERATIONS 


Unique features of MECHANICS Roller 
Bearing UNIVERSAL JOINTS make them 
unusually easy to install and service. The 
complete cross and bearing assembly 
can be removed simply by taking out the 
cap screws and separating the end yokes 
slightly. No flange is required for drive 
shaft connections. Accurately and dur- 
ably built for long, heavy service, 
MECHANICS Roller Bearing UNIVERSAL 
JOINTS are inherently balanced for 


smooth operation. 


Let our engineers show you how 
MECHANICS close-coupled Roller Bear- 
ing UNIVERSAL JOINTS conserve space 
and compensate for offset shafts, in your 
new and improved models. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner ©@ 2022 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 


a 


IED Sara Bi 
UNIVERSAL JOINTS 


For Cars + Trucks + Tractors - Farm Implements + Road Machinery -« 
Aircraft + Tanks + Busses and Industrial Equipment 
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WHETHER 


vou 


FLY 


THE 


BOEING 70O7...|./........ 


SAE JOURNAL, SEPTEMBER, 1956 





...... OR THE 


DOUGLAS DC-S.|... you'll take off and land 
on CPT landing gear 


ENGINEERS: If you would like to work at 
CPT on airframe-component design problems, 
write us. Liberal profit-sharing and retirement 
plan, modern plant and facilities. 
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Out of CPT’s 30-year experience came the engineering 
and drawings for the landing gears for both these 
American all-jet intercontinental transports. 

And out of CPT’s giant precision manufacturing 
facilities are coming the landing-gear 
ship-sets to speed the day when fleets of DC-8’s 
and 707’s will fly on scheduled flights. 

Put CPT’s wealth of experience and facilities 
to work now on your projects of Tomorrow. 
No other landing-gear builder has CPT’s combination 
of experience, knowledge, and facilities. 


CLEVELAND PNEUMATIC TOOL CO. 
3781 East 77th Street « Cleveland 5, Ohio 


Sales-engineering offices in 
Seattle, Los Angeles, Fort Worth-Dallas and Levittown, L.I. 





a message for Pesco’s western friends 


new faces, new facilities 


will mean better, faster service on Pesco products 


To provide improved customer service in the nine western states, 


Pesco has established — 


SALES OFFICES IN 

LOS ANGELES AND SEATTLE 

These direct factory representatives are now avail- 
able to provide technical assistance on your acces- 
sory problems. They are backed up by the engineer- 
ing skills and technological resources of the entire 
Pesco organization. 


i 4A B i See 
@ Harold S. Doelcher 


Service Center Manager 


@ R. B. Harlan, Jr. 


Western Regional Manager 
Los Angeles — STanley 7-3148 


@ F.C. Morris 


Senior Sales Engineer 
Los Angeles — STanley 7-3148 


@ R.H. Collier 


Sales Engineer 
Seattle — MAin 8442 


PESCO PACIFIC SERVICE CENTER 

5521 Cleon Ave., North Hollywood, Calif. 
This plant is a completely equipped facility for the 
testing and overhaul of all Pesco products—aircraft 
and industrial. It is operating under Air Force 
cognizance and with Navy and Civil Aeronautics 
Administration approval. 


Technician runs dynamometer test on fuel pumps in ex- 
plosion-proof test cell. 


Pesco fuel and hydraulic pumps being overhauled in 
modern repair department, 


For information or service on Pesco 
products, our western customers are 
invited to make use of these new facilities. 


PESCO PRODUCTS DIVISION 


SSE ET OE TOU II PELTED LEE 


‘BORG-WARNER CORPORATION 


Producing the Best in Hydraulic Pumps, Fuel Pumps, Electric Motors and Axial Flow Blowers 
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XVII 


This is the seventeenth of a series of advertisements dealing 
with 


information is elementary, we believe it will be of interest to 


basic facts about alloy steels. Though much of the 


many in this field, including men of broad experience who 


may find it useful to review fundamentals from time to time. 


Uses of Aluminum in Alloy Steels 


Aluminum as an element has been 


known to chemists and metallur- 
gists for many years. It is never 
found in nature in its metallic state, 
being derived chiefly from bauxite, 
an aluminum hydroxide. Bauxite is 
present in various parts of the world, 
including several tropical and semi- 
tropical regions. 

When used in the making of alloy 
has several im- 


steels, aluminum 


portant functions. Because of its 
great affinity for oxygen, it is a 
reliable deoxidizer. It produces fine 
austenitic grain size. And when it is 
present in amounts of approximately 
1 pet, it promotes nitriding. The 
nitriding process could be described 
as surface- or case-hardening by 
means of a nitrogenous medium, or 
by heating in an atmosphere of am- 
monia gas and dissociated ammonia 
mixed in proper proportions. 

Other effectiveagentsin producing 
nitrided cases are chromium, vana- 
dium, tungsten, and molybdenum. 
As a 


cases are obtained with aluminum- 


rule, however, the hardest 
bearing steels, the nitriding grades 
being a good example. These are 
usually steels of medium carbon 
content with additions of chromium, 
molybdenum, and sometimes nickel. 


Generally speaking, the lower the 
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effective nitriding temperature, the 
harder the case will be. Aluminum- 
bearing steels usually show a case- 
hardness range of 950 to 1150 DPHN 
(diamond pyramid hardness num- 
ber). Steels in which no aluminum is 
present have cases of substantially 
lower hardness. 

If you would care to know more 
about aluminum as an addition or 
alloying agent in steels, Bethlehem 
metallurgists will gladly give you 
full information. Just write or call us; 
our technicians are always at your 
service. They will do everything 
possible to help make your prob- 
lems easier. And whenever you need 
new supplies of alloy steels, remem- 
ber that Bethlehem manufactures 
the full range of AISI standard alloy 
grades, as well as special-analysis 
steels and all carbon grades. 


If you would like reprints of this series of adver- 


tisements from No. I through X VI inclusive, 
please write to us, addressing your request to 
Publications Department, Bethlehem Steel Com- 
pany, Bethlehem, Pa. The first 16 topics are 
now available in a convenient 32-page booklet, 
“Ouick Facts About Alloy Steels,’’ and we shall 
be glad to send you a free copy. 





BETHLEHEM STEEL 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Stee] Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


COM PANY 


BETHLEHEM STEEL 





New equipment, expanded departments, added technical personnel and in- 


creased productivity all help to make Long your ideal “production partner.” 


But you'll discover Long’s real plus factors in our management-engineering © 
team. Its talent for creating high quality products with economical design 


and volume manufacturing advantages is your biggest profit potential. 


DOUBLE-PLATE CLUTCHES 
BOOST TORQUE CAPACITY 


Available in many sizes, Long's double-plate clutches 
with high-gripping action anticipate advancing horse- 
power and torque requirements in trucks, tractors, off- 
highway vehicles and industrial applications. Like Long 
single-plate clutches, these heavy-duty production 
models are individually tailored by our engineers to 


performance requirements of any size or type of vehicle 


Long-innovated clutch features that have set industry 
standards include dry discs, variable springing, high- 
ventilation triangular covers, spring vibration dampers 
and cushion segments. Ask us to recommend an appli- 


cation conforming to your specifications. 


ONG 


LONG MANUFACTURING DIVISION, BORG-WARNER CORPORATION 
12501 DeQuindre Street, Detroit 12, Michigan 
Also: Oakville, Ontario, Canada 
Export Sales: Borg-Warner International, 36 South Wabash St., Chicago 3, Illinois 


THE STANDARD OF QUALITY AND PERFORMANCE SINCE 1903 
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New GLOBE dry-charged 
— puts battery sales in high gear 


SALES STIMULATING... EFFICIENT... ALL-IN-ONE PACKAGING 
promotes displays, simplifies stocking. Everything needed — 
battery, electrolyte and pouring holder — is contained in this 
single, compact package. 


SAFE AND ECONOMICAL TO SHIP AND HANDLE. Safe sturdy plastic 


bottle has great resistance to shock or impact. Cardboard bottle 
holder assures positive grip. Economical — 15 plastic bottles 
weigh less than one glass bottle, cost less to ship, take less time 
to handle. Disposable bottles eliminate returns. No money tied 
up in returnable or carboy inventory. 


Get Fast, Low-Cost 
Delivery, Too! 
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NOW YOU CAN CARRY A COMPLETE INVENTORY, meet the needs 
of any vehicle on the road. There’s no standing loss or need for 
annoying trickle charge. Globe dry-charged batteries protect 
your investment because they're fresh until sold. 


FOR ADDED CONVENIENCE WITH LARGER-SIZED BATTERIES and to 
comply with ICC regulations, certain batteries and electrolyte 
are shipped in separate cartons. Spinning Power electrolyte is 
packaged in plastic bottles offering the same benefits as those 
shown previously. Exact specific gravity and acid purity are 
assured through Globe’s quality controls. 


Thirteen of Globe’s 16 battery plants,* below, are equipped for dry-charged battery and 
Spinning Power electrolyte production. Their strategic locations put approximately 40% 
of the automotive market within a 50¢ per cwt truck load freight zone. For all your battery 
and electrolyte needs, call on Globe to be sure of top-notch sales and performance. 


GLOBE-UNION INC. 


MILWAUKEE 1, WISCONSIN 


Battery plants at: *HOUSTON, TEXAS * MEMPHIS, TENNESSEE *ATLANTA, GEORGIA *DALLAS, TEXAS *MEDFORD, MASSACHUSETTS * MILWAUKEE, 
WISCONSIN * MINERAL RIDGE, OHIO *PHILADELPHIA, PENNSYLVANIA * EMPORIA, KANSAS * REIDSVILLE, N. CAROLINA *SAN JOSE, CALIFORNIA 
* LOUISVILLE, KENTUCKY * HASTINGS-ON-HUDSON, NEW YORK—LOS ANGELES, CALIFORNIA— OREGON CITY, OREGON— AJAX, (ONTARIO) CANADA 


If it’s Petroleum-powered there's oa RO) JZiU/EM TUNLAm right from the start! 
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can match any DESIGN 


with Inland Self-Sealing 
Weather Strip 


No matter what your sealing problem is, or will be —whether 
in glass or plastic; flat or curved; fixed or sliding 

window —Inland Self-Sealing Weather Strip, with separate 
patented filler strip, will solve it. And when Inland Strip 

goes in, water stays out! In cars, trucks, buses, trains, planes 
PLO MOL ei MOU Oa CLL aey- MRL MeL DCMU eM 1g 
windows are fixed and must be positively sealed — 

Inland Weather Strip is the answer! 


Inland Self-Sealing Weather Strip can be produced to 
meet your individual requirements, and is always available 


in many standard shapes and sizes. 


When you specify Inland Weather Strip you can be sure it 
will be precision made and you are also assured of a 


long, trouble-free service life. 


INLAND 


self-sealing weather strip 


(PATENTED) 


INLAND MANUFACTURING DIVISION 
General Motors Corporation, Dayton, Ohio 


a part of the General Motors Master Plan for Greater Highway Safety through Better Engineered Products! 


Whatever 
the DESIGN... 


We can make it 


» WATER-TIGHT! 


Marine Applications Over-the-road Equipment 
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LINDE’s Flame-Plating gun is operated en- 
tirely by remote control. At control panel 
(below) is operator, who observes process 
through safety-glass window. At right, 
Flame-Plating gun is seen as workpiece is 
secured in fixture (top), as gun is brought 
into range (center), and at the instant of a 
blast in the plating action (bottom). 


a 


Not all guns shoot BULLETS 
... this one gives metal parts EXTRA WEAR RESISTANCE 


A dramatic and useful coating process for metal 
parts has been developed by LINDE engineers to 
provide extra resistance to wear and abrasion. This 
method, called Flame-Plating, utilizes a special, 
rapid-fire gun to apply an extremely hard coating of 
tungsten carbide or aluminum oxide on precision 
parts subject to unusual wear or fretting corrosion. 

The Flame-Plating gun consists of a barrel and a 
mechanism for loading precise amounts of powdered 
coating material and explosive gases into a firing 
chamber. The powder—tungsten carbide or alumi- 
num oxide —remains suspended in the gases until a 
controlled spark ignites the mixture. 

The resulting detonation creates heat and pres- 
sure waves of tremendous force. These waves rip 
through the gas-and-powder mixture at supersonic 
velocity. The particles are hurled against the work 


LINDE AIR PRODUCTS 


with terrific impact. They fuse together and build 
up until the desired thickness is obtained. 

The temperature of the workpiece seldom exceeds 
400 degrees F. Thus precision parts can be Flame- 
Plated without risk of changes in physical dimen- 
sions or metallurgical properties. Coatings can be 
Flame-Plated in thicknesses from .002 to .010 inch, 
and finished to 0.5 microinches rms. Practically all 
metals can be Flame-Plated. 


The extra resistance of Flame-Plated parts to wear, abrasion, 
and fretting corrosion has been proved in actual service. Vital 
parts in aircraft and automotive power plants, hydraulic sys- 
tems, and heating units, as well as textile and canning machin- 
ery, plug and ring gages, bearings, and seals have all had their 
useful life greatly extended—and economically, too—with 
Flame-Plating by LINDE. Find out how Flame-Plating can help 
you improve your own design. Write for a free copy of the 
booklet, “Flame-Plating,” F8065. Address “Flame-Plating, De- 
partment SA-9.” 


COMPANY 


A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street 


[ia New York 17, New York 


In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto 


The term “‘Linde™ is a trade-mark and FPL is a service-mark of Union Carbide and Carbon Corporation. 
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‘FOR THE GIANT JETS... 


scores of precision components 


Through many years Kelsey-Hayes has worked closely with major aircraft 
engine builders. Today, with the addition of new plants, expanded research 
and engineering staffs, and augmented production facilities, assignments from 
the aviation industry are increasing rapidly. 


Products include accessory gear assemblies, actuators, transmissions, power 
recovery units, radar tracking and scanning equipment, computers and con- 
trols. And for jets: compressor rotors, turbine sections, blades, buckets, vanes. 


Kelsey-Hayes has the experience and facilities for research, design, proto- 
type development and production. 


KELSEY-HAYES 


Kelsey-Hayes Wheel Co., Detroit 32, Mich. « Major Supplier to the Automotive, Aviation and Agricultural industries 


14 PLANTS / Detroit and Jackson, Michigan; McKeesport, Pa.; Los Angeles, Calif.; Windsor, Ontario, Canada « Davenport, Iowa 
(French & Hecht Farm Implement and Wheel Division) ¢ Springfield, Ohio (SPECO Aviation, Electronics and Machine Tool Division 
Utica, New York—4 plants— (Utica Drop Forge and Tool Corporation, a subsidiary) 
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Hydraulic and 
Mechanical 
Jacks 


lron Castings 





AIRCRAFT 
INDUSTRIES 
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For 48 years now we have been open- 
ing doors into new fields by working 
closely with our customers. Today, we 
are ready, willing and more able than 
ever to accept new challenges. We can 
be of help to you in solving your man- 
ufacturing problems. You will find 
our vast production facilities and engi- 
neering talent always at your service. 


AUTO SPECIALTIES MFG. CO., INC. 


SAINT JOSEPH, MICHIGAN 


Plants also at Benton Harbor and Hartford, Michigan 
and Windsor, Ontario, Canada 


Manufacturing for the automotive & farm machinery industries since 1908 





PROGRESSIVE ENGINEERING 
MAKES THE DIFFERENCE 


YPICAL | MODEL 
SPECIFICATIONS | 1113501 1113551 


FRAME 
LENGTH (INCHES) | 
“MOUNTED 
LENGTH (INCHES) 


aierieimaemncnl 
APPROXIMATE 
WEIGHT (POUNDS) 
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DELCO-REMY DEVELOPS A NEW LINE 
OF CRANKING MOTORS FOR 
OUTBOARDS AND OTHER APPLICATIONS 


A new series of Delco-Remy cranking motors, with many new 
design features, is now available for outboards, garden tractors, 
power mowers and other similar applications. 


With a frame diameter of only 3 inches, an overall length of 
slightly over 5 inches when mounted, and a weight of about 
6% pounds, the powerful new motors will crank one-cylinder 
engines up to 15 H.P., two-cylinder engines up to 35 H.P., and 
four-cylinder engines of even higher horsepower. 


These four-pole, four-field motors, designed for both 6-volt and 
12-volt systems, may be powered by standard Delco batteries. 


Available now for original equipment applications, the new 
motors can be supplied with or without automatic drives and 
solenoid switches to meet varying requirements. They are yet 
another example of Delco-Remy leadership in electrical equip- 
ment ‘Wherever Wheels Turn or Propellers Spin.”” Manu- 
facturers of engines and power equipment are invited to write 
directly to Delco-Remy for complete information and engineering 
assistance on the application of these units. 


DELCO-REMY «+ DIVISION OF GENERAL MOTORS + ANDERSON; INDIANA 


GM GENERAL MOTORS LEADS THE WAY STARTING WITH 


toro 


Delco Remy 


StS OC Or SYSTEMS 


/ 
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SELECT CALIFORNIA ENGINEERING GROUP 
EXPLORES THERMODYNAMIC CYCLES IN 
ADVANCED ENGINES 


A Few Positions Still Open For Cycle Analysis .. . 


Thermodynamics ... and Nuclear Engineers. 

















Propulsion experts at North American eral qualified engineers who are inter- 









Aviation, Los Angeles Division are carry- ested in this work. They are looking for 
ing out thermodynamic analyses of highly men who have had a minimum of three 
advanced engines at the company’s Los years thermo-dynamics cycle analysis ex- 
Angeles, California plant. The studies in- . . . . 
perience with jet engines or propulsion 








clude investigation of turbojets, ramjets, 
J J analysis. Advan ed degrees are preferred, 






rockets and nuclear propulsion devices ; 
though not required 







. compressors, combustors, turbines, 






afterburners, exhaust nozzles and thrust 





Interested engineers are invited to contact 
Mr. W. H. Nance, Department 56 SAE, 
Los Angeles Division Engr. Dept., North 





augmentation devices. 






The Engineering Personnel Department 
at North American’s Los Angeles Division, American Aviation, Inc., International 
Airport, Los Angeles 45, California. 











Engineering Department is seeking sev- 





ENGINEERS MACHINE DESIGN and DEVELOPMENT 


CONTROLS ENGINEERS PRODUCTION ENGINEERING 


INTERNAL COMBUSTION ENGINES 
are KEY MEN and RELATED FIELDS 
A most important element of engine design is 


VIBRATIONS 
INSTRUMENTATION 
tas Ula, asks secede ee alee THERMODYNAMICS 
spot 


Are a few areas in which openings exist at Battelle 
for competent mechanical engineers. THESE 
POSITIONS ARE FOR ENGINEERS WHO 
DESIRE A PROFESSIONAL ENVIRONMENT, 
PROFESSIONAL OPPORTUNITIES TO 
















































Now unique opportunities exist for talented men to 
develop controls for new product line of advanced 
small turboshaft, turboprop and turbojet engines 


In: ENGINE CONTROLS DEVELOPMENT 
SYSTEMS DESIGN: responsibility design and develop ad- 






























vanced systems—performance requirements—schematic ‘ et Eee , 1c ~T SAITO 
diagrams—component and test specifications GROW , and PR I I SSIONAL ASSI( iNMEN TS. 
Our unusual educational program provides the op- 






COMPONENT DESIGN: design, develop and package spe- 


cific control component sen s, actuators, fuel flow 


portunity for obtaining at no cost to the staff mem- 
ber an advanced degree at The OHIO STATE 
UNIVERSITY. BATTELLE’S BENEFIT PRO- 
GRAM includes FOUR WEEKS VACATION 


after only five years of employment. 


components, etc 








EVALUATION: determine control test facilities. Direct 
component and systems testing. Correlate test data. 
Evaluate test results. Make recommendations to design 


groups 
















ANALYSIS: determine engine control parameters. Prepare 
systems Block diagrams Analyze controls stability. pe 
Provide performance specifications (systems and com- : 


FOR TECHNICAL APPLICATION FORM and 
DESCRIPTIVE MATERIAL, write to 


ponents). 


RELOCATION EXPENSES PAID 










Russell S. Drum 
MECHANICAL ENGINEERING 
BATTELLE INSTITUTE 
505 King Avenue 
Columbus 1, Ohio 












Please write in strict confidence to 


Box No. 164, SAE 







SAE JOURNAL, SEPTEMBER, 1956 


DESIGNER... MANUFACTURER...USER 
here’s why it'll pay you to specify 


International Power Units 


DESIGNER 


Your problems of engine power analysis, selection, and in- 
stallation are simplified when you specify International 
power for your equipment. International’s complete and 
experienced staff of manufacturer sales representatives, 
and sales and design engineers supply you with engine 
dimensional drawings, accurate power curves, and complete 
specifications. They also help you select the International 
engine best suited to your particular power, torque, and 
rpm requirements, and adapt International engines for your 
tough special applications, 


MANUFACTURER 


_ RR me CR ota 
International engineering service can help you cut manu- 
facturing costs, speed up production by showing you the 
best way to mount International engines in your equipment. 
Pilot engine models, for your research, production, and test- 
ing purposes are also available. In addition, you stand a 
better chance to sell more of your machines when you 
offer the buyer International engines as standard or op- 
tional equipment. Yes, International engines in the equip- 
ment you sell, helps you sell it faster...and helps keep it 
sold longer. 


USER 


When you specify International engines you gain the bene- 
fits of skill and experience of engine design and manufac- 
ture since 1903. In fact, more four-cycle, heavy-duty 
International diesel engines have been sold since produc- 
tion began in 1933 than any other make. Reasons for this 
terrific popularity are such inbuilt features as special de- 
livery pressure lubrication through rifle-drilled passages, 
replaceable cylinder sleeves, and many others. 


ae) 
CHOOSE FROM 17 HEAVY-DUTY See you at the 
INTERNATIONAL DIESEL AND ROAD SHOW a Sy 


CARBURETED ENGINES—FROM 17 CHICAGO 
TO 214 HP. Jan. 28-Feb. 2, 1957 


A COMPLETE POWER PACKAGE INCLUDING: Crawler, Wheel, and Pipe-Boom Tractors... 
Self-Propelled Scrapers and Bottom-Dumps... Tractors and Rubber-Tired Loaders. .. Off-Highwoy 
Trucks Diesel and Carbureted Engines . .. Motor Trucks. 
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FIRST IN FRICTION 


R/M ANNOUNCES 
OF ADHESIVES, — 


STEEL GLAND 


Polyethylene plastic presents a tough bonding problem. R/M helped over- Ray-BOND adhesive bonds viny! jacket and steel gland in this submarine 
come it in this farm irrigation pipe by recommending one of the new cable—protecting against moisture and abrasion and improving dielec- 


Ray-BOND adhesives to bond the fittings 


tric properties. 


This Snow Train travels across frozen Arctic wastes on 1200-mile treks By using Ray-BOND adhesives to bond the metal name plate to the plastic 
carrying loads from 130 to 175 tons. To overcome low-temperature case, an electric razor maker reduced personnel for this operation 75% 
problems the brake linings are bonded with one of the new R/M adhesives. because of rapid adhesion and elimination of the pressing operation. 


THE RECORD OF “FIRSTS” IN 
FRICTION MATERIAL DEVELOPMENT 
SHOWS WHY R/M IS 

FIRST IN FRICTION 


FIRST Woven Brake Linings FIRST Asbestos Brake Linings FIRST Ground Wearing Surface « FIRST Zinc Alloy Wire 
Brake Lining « FIRST Pre-Treated Yarns « FIRST Extruded Pulp Brake Lining « FIRST Flexible Pulp Brake Lining 
in Rolls « FIRST Dry Process Brake Lining « FIRST Semi-Metallic Brake Lining « FIRST Bonded-to-Metal Brake 
Lining « FIRST Woven Clutch Facings « FIRST Molded Asbestos Clutch Facings for Clutches Operating in Oil 
FIRST Endless Woven Clutch Facings « FIRST Pre-Treated Clutch Facings « FIRST Bonded-to-Metal Clutch Facings 
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A SPECIALIZED LINE 
~ PROTECTIVE COATINGS AND SEALERS 


New Ray-BOND Products 

Cut Costs...Simplify Bonding 
for Wide Range of 

Materials and Applications 


Adhesive bonding today is a well-established technique—with well- 
known advantages. It eliminates rivets and other fasteners—cuts 
production time and costs—provides better heat conductivity— 
increases life of friction members—seals gaps and voids in metal 
products. It often facilitates the fabrication of complex shapes. And 
with modern adhesives, it permits more effective bonding of dis- 
similar materials. 

Ray-BOND thermosetting adhesives offer excellent bonding 
qualities and heat stability. Compounds are based on synthetic or 
natural rubber, resin bases of all types, and combinations of rubbers 
and resins which provide good performance under the most severe 
operating condition. Ability to resist temperature extremes ranging 

The ceramic tip on this reamer is held strong and rigid by R/M from -80° to as high as 700°F makes these adhesives very desirable 
Ray-BOND adhesives. for high-temperature applications. And where necessary, special 
formulations of these products can be devised for your specific needs. 

If bonding, laminating, sealing or coating can cut costs or im- 
prove production in your own operations, contact Raybestos- 
Manhattan. With over 20 years’ pioneering in the production of 
bonded assemblies and the manufacture of adhesives and coatings, 
R/M has acquired a wealth of knowledge and experience that could 
help solve problems you may be facing now. Our engineers are ready 
to work closely with yours to make that solution prompt, practical 
and profitable for you. 


Write now for your free copy 
of RiM Bulletin No. 650. It 
contains the engineering infor- 


mation you'll want to have on 
nam BON D Adhesives, Protec- 7 I Oli l N 7 R ICT | '@) | 


Ray-BOND adhesives overcome heat and flexural problems on 
printed circuits. tive Coatings, Sealers. 


THE TRADE-MARK THAT SPELLS PROGRESS 
IN FRICTION MATERIAL DEVELOPMENT 


_RAYBESTOS-MANHATTAN, INC... 


EQUIPMENT SALES DIVISION: Bridgeport, Conn. - Chicago 31 - Cleveland 16 - Detroit 2 - Los Angeles 58 
FACTORIES: Bridgeport, Conn.; Manheim, Pa.; Passaic, N.J.; No. Charleston, S.C.; Crawfordsville, Ind.; Neenah, Wis. 
Raybestos-Manhattan (Canada) Limited, Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Brake Linings « Brake Blocks « Clutch Facings « Fan Belts « Radiator Hose « Industrial Rubber, Engineered Plastic & Sin- 
tered Metal Products « Rubber Covered Equipment « Asbestos Textiles « Laundry Pads & Covers « Packings « Abrasive & Diamond Wheels « Bowling Balis 
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cOoOnwnTouR, 


SS ihrift-K ing 
THE. Vdue CUSHION SEAT 


For POWER MOWERS, 
LIFT TRUCKS AND 


OTHER MEDIUM MOBILE EQUIPMENT 


“Thrift-King” is a 2-way value seat for manufacturers of 
lift-trucks, mowers, and many types of medium mobile 
equipment: it definitely adds ‘‘sell;'’ it definitely improves 
workability. Full cushion foam rubber seat and full cush- 
ion foam rubber back rest assure sustained comfort and 
operational freedom. Wide choice of covering materials 
that will withstand outdoor use. Frame is of solid one- 
piece welded construction for rigorous service; easily 
attached. Available as illustrated, or with special features 
engineered to your equipment. 


Write for complete information on America's finest line 
of cushion seating — Milsco. 


MILSCO MANUFACTURING COMPANY 


FACTORY AND MAIN OFFICE 
2758 NORTH 33rd STREET MILWAUKEE 45, WISCONSIN 


SALES OFFICES: Tom Riley, 67 Long Lane, Upper Darby, Pa 
7 


E. M. Wilson Engineering Co. Harlan C. McKay Company 
915 Meridian Avenue 1901 N. W. 26th Avenue 
South Pasadena, Calif. Portland 10, Oregon 


| Specialists in Cushion Seating 
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Design lead 
shafts a 


Out-of-the ordinary 


SHAFT SEAL PROBLEMS ? 


...-sOolve them 


with SIMPLEX 


High shaft speeds . . . high temperatures... 
special conditions . . . call for specialized help 
in designing suitable shaft seals. 


As originators of the modern expansion ring 
sealing principle, SIMPLEX offers design help 
based on engineering leadership both in high- 
speed shaft seals and piston rings. SIMPLEX 
products are supplied as original equipment in 
Allison, Pratt & Whitney, Wright and other 
leading aircraft engines. 


If your problems involve rings or seals, for jet 
or reciprocating aircraft engines or compon- 
ents, SIMPLEX can help you solve them. 
Call, wire or write. 


Simplex Piston Ring Mfg. Co. 


12301 BENNINGTON AVENUE e¢ CLEVELAND 11, OHIO 
75 N.E. 74th STREET © MIAMI 38, FLORIDA 


' HIGH SPEED SHAFT SEALS 
AND PISTON RINGS 
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Pressed Tank 


-“NAMELSTRIP eoliator 


line loll 
LAMINATES 


CERTIFIED FOR 
QUALITY PERFORMANCE 
Pe OU Cat tl Te) 


«+e IN CONSUMER 
END-USE 


you vinyl-to-metal lami- 
| 8 nated coils for use in 
high speed automated 


4 — production . . . certified 
et for quality by the United 
States Testing Company. 
Enamelstrip laminates are produced 
under a special quality control process to 
achieve uniform quality, a high degree of 
adhesion, and greater efficiency in oper- 
ation. Enamelstrip laminates may be 
pierced, blanked, drawn, formed, bent, or 
stamped from either the laminated or the 
unlaminated side. (Where desired, the 
unlaminated side may also be pre-coated 
with a number of organic finishes.) 
Laminates available include a wide 
variety of colors, embossings, prints in 
as many as four colors, and simulated 
metallic finishes. Coating gauges range 
from .004 to as heavy as the ultimate fab- 
rication will permit (we will advise you). 
Base metal gauges range from .008 to 
.032 for steel—.008 to .050 for aluminum. 


“7. =, Only Enamelstrip gives 


For the latest information on this important 
development call: 


COATED COIL 


CORPORATION 


Exclusive Selling Agents for Enamelstrip 


501 West 30th St., New York 1, N. Y. LOngacre 3-310 


ALSO: Inquire about our pre-coated 
metal coils...in a variety of organic 
finishes. 
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designed by 
Vc WER 
More Strength! 
Less Weight! 


Better Performance! 


1. Fin design gives sufficient 
air turbulence for maximum 


heat transfer. 


2. Double lockseam tube pro- 
vides strong backbone for 
entire core. 

3. Die-formed header; rein- 
forced l-piece, heavy duty 
brass top and bottom tanks. 
4. leakproof assembly with 
double-grip, 2-way header 
with lapped joint solder 
sweated to tanks. 

5. Full wrap around type 
terne plate side members se- 
cure tanks, headers and core 
as one piece. 

6. Fabricated brass inlet and 8 


: - Neck for pressure type cap. Safe; no 
(7) outlet. Maximum flow 


ay water loss from after-boil. 
area, minimum resistance to 


coolant circulation. 9. Overflow tube. 

YOUNG Radiators are used wherever the going is tough. 
Creative engineering and exclusive features insure unbeat- 
able performance from Young-quality radiators. Their 
dependability and efficient cooling has been field proven 
in automobiles, tractors, trucks, busses and other mobile 
and stationary engines. The three-way team of Young 
research, Young engineering and Young production is re- 
sponsible for the high reputation of Young radiators in 
the automotive field. Write Dept. 116-] 


for FREE Catalog 
Put Young /:Le, 


a 
to work for you... UNG 


Solving heat transfer problems is what we do 
best because it is our very reason for being. You, 
too, can harness the power of Young engineering 
talent. Write, wire or call without obligation. 


RADIATOR COMPANY 


RACINE, WISCONSIN 


Cuil HEAT TRANSFER ENGINEERS FOR INDUSTRY 


Heat Transfer Products for Automotive, Heating, Cooling, Air Conditioning Products 
Aviation and Industrial Applications. for Home and Industry. 


Executive Office: Racine, Wisconsin, Plants at Racine, Wisconsin, Mattoon, Illinois 
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ENGINEERS 
aeronautical « mechanical 


AIR DESIGN MANAGER 


This is an extraordinary opportunity for 


you to obtain the exceptional profes 
sional advantages of a key engineering 
management spot in advanced flight pro 
pulsion—-plus the personal benefits avail 
able to members of this renowned jet and 


rocket engine center 
As a candidate vou should have a BSAE 
or BSME degree 


ing of evaluation and programming, ex 


a thorough understand 


perience in manufacturing organization 
and experience or training in manage 
ment. This premium position entails re 
planning 


evaluating engineering 


sponsibility for organizing 
integrating and 
section activities regarding : aerodynamic 
and thermodynamic design of compres 
sors, turbines, augmentors, nozzles and 
other jet engine parts ind cycle analysis 
and performance bulletins for present 


and proposed engines 


Send Resume to 


BOX 165, SAE 


C9 


Bendix” 


Provides MIDWEST Opportunities for 
Experienced Engineers 


In South Bend, hundreds of professional people 
have found a community adequately satisfying 
for a highly educated woy of life. Notre Dame 
is an excellent center for technical, graduate 
study, os well as affording cultural opportunities. 


Immediate openings available In research, design, 
test and development: 


a 


| desc tailed aelend sn pimemiememmamiot 


Design Mechanical Portions 
of Aircraft Nuclear 
Power Plant Equipment 


engineer 
ME, AE 


General Electric now offers the qualified engineer a rare opportunity to combine 
good judgment, sound engineering fundamentals and the ability to work with 
others. This is a career position in one of the latest aeronautical areas, aircraft 
nuclear propulsion. The working environment is excellent the personal 
benefits, comprehensive 


The engineer who qualifies for this job will be responsible for the design and 
proper functioning of the mechanical portions of power plant equipment as 
sociated with both engines and reactors. This means he must have 3 to 8 years 
experience in the mechanical design of lightweight, high temperature machinery 
preferably experience in turbojet engines. An advanced degree is desirable 


OPENINGS IN CINCINNATI, OHIO AND IDAHO FALLS, IDAHO 


Address replies stating salary require 
ments to location you prefer 


J. R. Rosselot L. A. Muanther 
P. 0. Box 132 P. 0. Box 535 
Cincinnatl. Ohie idaho Falls, Idaho 


GENERAL @@ ELECTRIC 


4 NEW and 6 REVISED 
Aeronautical Standards & Recommended 
Practices 


were Issued 


March 15, 1956 
9 NEW and 28 REVISED 
Aeronautical Material Specifications 


were Issued 
February 1, 1956 


For further information please write 


SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
29 WEST 39 STREET, NEW YORK 18, N. Y. 


Electro-Mechanical Design 
Magnetic Amplifiers 

Nuclear Control Applications 
Rocket Circuitry 
Servo-Mechanisms 

Systems Evaluation 
Thermo-dynamics 

Transistori zation 

Vibration Analysis 


AIRCRAFT JET FUEL SYSTEMS 


Computer Applications 
Heat Transfer 

Stress Analysis 
Structure 


AIRCRAFT LANDING GEAR 


Systems and Component Design or 


Testing 


Conventional Brakes 
Hydraulic Systems 
Mechanical Design and Test 
Power Brake Research 
Power Steering 


AUTOMOTIVE COMPONENTS 


If you are interested in any of these engineering 
projects, send a summary of education and ex- 
perience to: 


Technical Employment, 

Department 0-1, 

BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPORATION 
401 Bendix Drive 

South Bend, Indiana 
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Curtiss-Wright PROTOTYPE SERVICE 
speeds you from blueprint to working model 


Here’s the fast, efficient and economical way to get grade rolling, machining and extrusion are ready 
working models from your turbine or compressor to serve you on short notice . . . solve your prob- 
blade designs . . . whether you want a single lems in a hurry. Contact Curtiss-Wright when your 
prototype or test production quantities. Curtiss- next set of designs leaves the drafting board. Quali- 
Wright’s Metals Processing Division scales down fied engineering consultation available at all branch 
its complete facilities in a modern, geared-to-speed offices. 

prototype shop . . . bring$ under one roof all the 
production steps from primary metal to finished 
product in any high integrity alloy. METALS PROCESSING IR aBTh 


Working model production brought to a fine ' ot 
point of precision control means more accurate RRR TAT W 
development now . . . smoother flowing production ithaca 2a NERA aA «3 TED 
later. Coordinated facilities for casting, forging, 


For complete details, write to: 77 Grider Street 


METALS PROCESSING DIVISION BRANCH OFFICES: - - - NEW YORK e HOUSTON e LOS ANGELES 
ELECTRONICS e NUCLEONICS ¢ PLASTICS « METALLURGY e ULTRASONICS © AVIATION 
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MECHANICAL ENGINEERS 


ENGINEERING GRADUATES FOR PRODUCT 
DESIGN AND APPLICATION. PRODUCTS ARE 
VIBRATION AND SHOCK ISOLATION SYS- 
TEMS ON AIRCRAFT, ELECTRONIC, AUTO- 
MOTIVE, MARINE, GENERAL INDUSTRIAL 
EQUIPMENT. THIS IS A RAPIDLY EXPAND- 
ING INDUSTRY. EXCELLENT LONG RANGE 
POSSIBILITIES FOR ENGINEERS WHO ARE 
INTERESTED PRIMARILY IN DESIGN WORK. 
DUTIES ALSO INVOLVE EXTENSIVE LIAISON 
BETWEEN AND AMONG FIELD ENGINEER- 
ING, MANUFACTURING, AND RESEARCH. 


BOX 369, ERIE, PENNSYLVANIA 





GET YouR copy oF THIS /eW 
Wagner Ar Brake } ¥; a 
CATALOG = 


The system with the Rotary Air 
Compressor. They give added 
brake efficiency on all trucks, 
ry tractors, trailers and buses. 
Write for your copy of Catalog 
KU-201 today. 


| Wagner Electric Grporation 


Ksi-16 6378 PLYMOUTH AVE , ST LOUIS 14, MO, U S.A. 


METALLURGICAL MECHANICAL 


MATERIAL and 
PROCESSES ENGINEER 


This is your chance to gain the exceptional professional 
and personal advantages enjoved by engineers at this 


major company’s jet & rocket engine center. 


You need a BS degree in Metallurgical and Mechanical 
Engineering, 2 years experience in metallurgical work on 
materials and processes application or failure analysis 
in a laboratory, and 2 years work in high temperature 
metallurgy in a laboratory or on material application 


problems. 


You will be responsible for: development, evaluation, ap 
plication, control and improvement of materials & proce 
esses for advanced aircraft engines; providing counsel on 
lesign and manufacture; liaison with subcontractors and 
in development of new materials and manufacturing 
processes; product improvement and eost reduction 
programs—where careers go further and faster: in Flight 


Propulsion t this major compat 





Want One 


For Your 


Lapel? 


An SAE Emblem 


¢ Distinguishes you 
as an SAE member 


¢ Is an attractive 
gold-filled clutch- 
back pin 


¢ Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


A 


ACTUAL SIZE 


GOLD on BLUE . 
GOLD on RED .. 
GOLD on WHITE 


. Member Grade 
Associate Grade 


Junior Grade 


Society of Automotive Engineers 
29 West 39 St., New York 18, N. Y. 


Please send me an SAE emblem. Enclosed is my 
check for $ ($1.50 plus applicable taxes). 
Grade of membership (please check) 


[] Member ] Associate C) Junior 


Name 


(PLEASE PRINT) 


Address 
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Improve testing and quality control with 


LAKE SHORE, Inc. .. 


Lake Shore Engineering Division 


Lake Shore base plates 


Manufacturers of precision parts and assem- 
blies depend on Lake Shore base plates and 
dynamometer bases for maintaining quality con- 
trol and testing standards. Lake Shore plates, 
made of flaw-free ‘‘Lakenite’”’ iron, are machined, 
ground, or hand scraped to meet your strictest 
tolerance requirements. For details and specifi- 
cations on the complete line of Lake Shore plates, 
send for your free copy of the new illustrated 
base plate booklet. 


See our booth No. 2542 at the 
NATIONAL METAL SHOW 


CLEVELAND PUBLIC AUDITORIUM * OCTOBER 8-12 
—complete display of base plates, surface plates, 
engine jacks and stands. 


Please send me a free copy of the new eight page 
illustrated Lake Shore base plate booklet. 


Title 
Company 


Address 


IRON MOUNTAIN 8, MICHIGAN 


ENGINEER, ME AE EE 


Nuclear Aircraft Engine Test 


ng different ew area ngineering experience 


s ANP Department a « 
ergy t aircraft now await 
f importance 
ram of unique power plant configuratic 
nt work on power plant ¢ 
development or test of complex, 
4 e 1 required 
Publication of research results in the appropriate classified or 
open literature is encouraged. 


OPENINGS IN CINCINNATI, OHIO and IDAHO FALLS, IDAHO 


Address replies, stating salary requirements, 
to location you prefer 

J. R. Rosselot L. A. Munther 

P.O. Box 132 P. O. Box 535 

Cincinnati, O Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 


Only VISCO-METER* can 
perform this engine 
protection service 


Nothing contributes more to high operat- 
ing efficiency and satisfactory service life 
of gasoline and Diesel engines than cor- 
rect lubrication. Constantly, while the 
engine is in operation, VISCO-METER 
provides the operator with visual informa- 
; tion on the lubricating quality of the oil 
a in the crank case. Everyone concerned in 
Booklet the manufacture, sale or use of gasoline 
and Diesel engines should know the 
proven-in-service advantages of the VISCO-METER. 


VISCO-METER streato nv. 


*WRITE NOW 
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MECHANICAL ENGINEERS 


LUBRICATION 
SPECIALIST 


This is your chance to enjoy the exceptional professional 
and personal advantages available to engineers at this 


famed jet and rocket engine center, 


For this opportunity you need a BSME or BME degree 
and several years experience in design and development 
of recirculation aircraft-type lube systems involving high 


temperature oils. 


You will direct the design and development of lubrication 
systems for advaned aircraft engines. Your responsibili- 
ties will range from detail designing to planning and 
completion of development programs—including schedul- 
ing, budgeting and technical direction of other Unit 
Engineers. 


Your professional advancement is steady in Flight Pro- 


pulsion—at this major mid-west company. 


Please send resume in confidence to: 
BOX 167, SAE 
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MECHANICAL ENGINEERS 


PIPING, WIRING 
and MOCK-UPS 
SPECIALIST 


This is your chance to enjoy the exceptional profes 









sional and personal advantages available to engi 






neers at this renowned jet & rocket engine center. 











For this opportunity you should have a BSME or 







BME degree and several years experience in the 
design of piping and wiring circuits for aireraft 
type engines, especially gas turbines, 










You will construct mock-ups of advanced aircraft 









engines and design external piping and wiring cir- 
cuits. Your responsibilities will include scheduling, 
budgeting, planning and completion of programs 
for the development of such equipments and config 
urations. Professional advancement will be faster 






in Flight Propulsion—at this major company. 














Reply in confidence to 


BOX 168, SAE 








The Red Carpet 
to oblivion? 


| 
ee 59 Too often that red carpet has been a fast track to 
M 0 ae 0 nz I i - nowhere for good engineers who just got lost in the 
shuffle. Where hundreds of engineers are hired, 
Self-Aligning Bearings some are apt to end up ciphers. Just not used. 













It isn’t likely to happen here. 


First, you’ll find Jack & Heintz big enough to 
compete with the biggest—successfully. Big 
enough to offer all facilities for basic research in 
our field—electric systems and components for 
missiles, jets, other aircraft. 








ROD END 
TYPES 









PLAIN TYPES 


ext. 
(NT. 
PATENTED US AL 


Al Werks Right Rmarved 









But we’re small enough so you'll be used to the 
CHARACTERISTICS full extent of your capabilities—and so rewarded. 
Here, you’ll find an engineer is somebody. He’s not 
bogged down with routine. He engineers. 















ANALYSIS RECOMMENDED USE 

































1 Stainless Stee! For types operating under high temper- 
Ball end Roce ature (800-1200 degrees F.). May we send you details? A 3¢ stamp gets you 
Chrome Moly 7 types operating under high radial n just might like o se " 
D Stee! Ball and Race Ultimate loads (3000-893,000 lbs.). all the facts, and you just might like our setup 
Bronze Race and ‘s types operating under normal loads 
3 Chrome Moly Steel Ball with minimum friction requirements. eJac K & Hi EINTZ. Inc 
> > 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Address Dept. SAE-56 


17541 Broadway e Cleveland 1, Ohio 


Please mail me information about the advantages of working for J&H. 
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Address__ a aa 












City aaa aeiabccaaaos State 








College or University___ 





lam employed as: 


SOUTHWEST PRODUCTS co. | have the following degrees: 


1705 So. Mountain Ave. - Duarte, California 1am a student with the following major:_ 
(LOS ANGELES COUNTY) 
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Another first for American! The 
exceptional thermal and chemical 
properties of Teflon are combined 
with low, cold flow characteristics 
to give you a gasketing material 
never before available. 
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With thermal stability up to 420F. 
Vistex with Teflon eliminates un- 
desirable lateral plastic flow with ex- 
cellent stability to corrosive gases, 
liquids and virtually all chemicals ' 
at low and high temperatures. 

Vistex with Teflon, with tensile 
strength of 5,000 psi, has very high 
tear value, will not ravel or fray, 
has very good cutting properties. 3 
oH Seals with minimum pressure on 
Sts polished or irregular surfaces. 
ely American’s engineering and re- 
; search staff is prepared to supply 
you with complete data and product 
recommendations. Write today on 
your company letterhead. 


f American Felt Company 
DU PONT for its Tetra 


American felt 
Company 


TRADE MARK 
























*VISTEX Reg 
**TEFLON—Keg 
fuoroe 





GENERAL OFFICES: 
SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. Louis, Atlanta, Greenville, P. 0. BOX 5 
S. C., Dallas, San Francisco, Los Angeles, Portiand, San Diego, Seattle, Montreal.—PLANTS: Glenville, Conn.; Franklin, GLENVILLE CONN 
Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. |. —ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conn. ’ . 
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“ENGINEERED QUOTATIONS” 


quotations” are accepted. Such careful scrutiny of 


When our engineers study our customers’ prints, 
they look for ways to improve gear performance, 
ways to simplify gear installations, ways to cut 
gear costs. When they find a way that they 
consider better they report it to the customer for 


his consideration. Very often these “engineered 


every engineering and manufacturing step by gear 
specialists is one reason why so many manufactur- 
ers use Automotive Gear Works as their “gear 
department”. May we submit an “engineered 


quotation” on your gear requirements? 


FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


Automotive 


ESTABLISHED IN 1914 


SUBSIDIARY OF EATON 


MANUFACTURING 


(iear Works. inc. 


RICHMOND, INDIANA 
COMPANY 
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TIMKEN and The Moto-Mated Way 


Save 11.3% or more in bearing cost with 


new TIMKEN Moto-Mated bearings 


ERE’S a whole new concept in bear- 
ing design, manufacture and sup- 
ply from the Timken Company. It’s the 
Moto-Mated Way—mated to the needs 
of the auto industry. It anticipates your 
changing requirements, re-cements our 
57-year partnership with the automotive 
industry. Puts advanced machines to 
work for you. Provides you with a better, 
more uniform product at lower cost. Offers 
an almost unlimited source of supply. 
From the Moto-Mated Way comes a 
whole new breed of bearings, Timken® 
Moto-Mated tapered roller bearings, in 
13 standardized sizes. Bearings that are 
smaller, for more compact design; light- 
er, to cut unsprung weight and improve 
the ride; capacity-packed, to take the 
loads of today’s power cars. And they’re 
made with a new high in uniform qual- 
ity. And lower cost, too, because Timken 


Moto-Mated bearings are being pro- 
duced by the millions by revolutionary 
production line methods entirely new 
to the bearing industry. 

This year the automotive industry is 
saving 11.3% or more on millions of front 
wheel bearings by adapting to the stand- 
ardized Moto-Mated bearing sizes. As 
fast as Timken Moto-Mated bearings 
are put into rear wheels, pinions, differ- 
entials and steering gears, new savings 
will be passed along to you. 

No need to take less than Timken 
bearing quality! For details on savings 
in bearing cost, related parts cost, and 
new opportunities to use Timken 
tapered roller bearings in additional ap- 
plications, write to: The Timken Roller 
Bearing Company, Canton 6, Ohio. 
Canadian plant: St. Thomas, Ontario. 
Cable address: ““Timrosco”’. 
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